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SUMMITS 


This final report presents the results of a study to evaluate the state 
of technology development for spacecraft vater and solid-waste processing 
systms. The work was accomplished by the Bioenvironmental Systens Study 
Group, of the Society of Automotive Engineers, on Contract No* NASw-2439. 
Specific objectives of this investigation included: (1) a detailed coDq>arison 
and assessment of the most promising candidate designs currently being 
considered by NASA for the management of solid waste aud waste-water materials 
on spacecraft; (2) a projection of relative attractiveness of each design 
to NASA for anticipated manned spacecraft applications, using a connion basis 
for comparison and a realistic tradeoff analysis; and (3) the formulation of 
recommendations which will be useful to NASA in managing and planning continued 
efforts in this area of technology development* The candidate processes that 
were evaluated and compared were (1) the Radioisotope Thermal Energy (RITE) 
evaporation/incinerator process; (2) the Dry Incineration process; and 
(3) the Wet Oxidation process* 

The scope of the technical approach that was used to accomplish the 
study objectives consisted of: (1) the establishment and analysis of an adequate 
data base and the analysis of the current status of technology for the alterna- 
tive processes of interest; (2) the development of a standardized input and 
output model as a common basis for comparing and evaluating the alternative 
processes; (3) the development of conpleted and scaled-up flowsheets for 
the alternative processes to satisfy the standardized input and output models 
and performance criteria; (4) the comparison and tradeoff evaluation of the 
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conpleted and scale-up (conmonlybased) processes; and (5) the development 
of conclusions and recoamendatlons . 

The types of spacecraft waste materials that were included in the base- 
line ("standardised") computational input to the candidate systems were fecee, 
urine residues, trash and waste-water concentrates. The performance charac- 
teristics and system requirements for each candidate process to handle this 
input and produce the specified acceptable output (i.e., potable water, a 
storable dry ash, and vapor-phase products that can be handled by a space- 
craft atmosphere control system) were estimated and coiq>ared to produce the 
essential conclusions and recommendations of this study. The approach used 
in the study, the results, and conclusions and reccmniendations are described 
in detail in this report. 
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1. INTRODUCTION 


1>1 Purpose and Scope : 

Based upon the results of a task assignment completed and reported to 
NASA's Bioenvlronmental Systems Division (OMSF) in December, 1973, on 
Contract No. NASw-2439, by the Bioenvlronmental Systems Study Group of the 
Society of Automotive Engineers, Inc., it was determined that NASA's life 
support systems development program could benefit significantly from a 
careful analysis of alternative designs for solid-waste management systems, 
presently being considered by NASA, including a comparison of their relative 
advantages and disadvantages and a realistic assessment of the potential 
attractiveness to NASA of each candidate approach. The Study Group 
recoomended to NASA Headquarters that such an assignment could be acconq^lished 
conq>etently by the Study Group, but not within the scope or budget of the 
original terms of Contract No. NASw-2439. 

Therefore, an additional task on Contract No. NASw-2439 was authorized 
to pro -de the necessary augmentative funding for the study assignment, to 
be accomplished by the Study Group. The specific objectives of this additional 
assignment were: (1) a detailed comparison and assessment of the most 

promising candidate designs currently being considered by NASA for the 
management of solid waste materials on spacecraft dry incineration 

and wet oxidation processes); (2) a projection of relative attractiveness 
of each design to NASA for anticipated manned spacecraft applications , using 
a cocmon basis for comparison and a realistic tradeoff analysis; and (3) the 
formulation of recommendations which will be useful to NASA In managing and 
planning continued efforts in this area of technology development. 
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Xhe «cop« of the study locluded: Cl) the definition of • eoonon betis 

for caaperlng the candidate eystems designs; (2) astablisbing an appropriate 
tradeoff aodel; (3) perfoming the coaparison, evaluation and tradeoff analysis 
(Including the characterization of aiq^ technology extrapolations that sdght 
be required): (4) fomulation of recMinendatlons ; (5) reporting of results 
to NASA in a thoroughly definitive report. 

1.2 Background and Rationale ; 

For the past several years NASA has been sponsoring research and develop- 
ment efforts to advance the state of technology in the area of solid-waste 
maoageDent for spacecraft applications. Currently there are four principal 
design approaches for waste management systems or sub-systems. The processes 
which provide the basis for one or more of these design approaches include 
(1) dewatering, pyrolysis and incineration; (2) space-vacuum drying of waste 
with cospaction and storage or overboard duaiping of residue; (3) wet oxidation 
followed by water recovery; and (4) the application of a radioisotope heater 
to thermally supply evaporator and incinerator units. The types of space- 
craft wastes for which NASA will require management systems, for certain 
types of manned missions, include feces, urine residues, trash (e.g. , from 
food packages, etc.), and waste-water concentrates. Generally, it is the 
desired objective that a system eventually be able to com^ert these wastes 
to potable water, a storable dry ash, and vapor-phase products that can 
be handled by a spacecraft atmosphere control system. 

In the fall of 1973, the SAE Bloenvironmental Systems Study Group was 
assigned a study, on NASA Contract No. NASw-2439, to analyze the state of 
spacecraft waste-management-systems technology. The Study Group reviewed 
the work conducted and reported by (1) General Electric (the RITE water-waste 
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■anaga&ent tyiiteDi); (2) LocUieed (the 'Hret-ox" aystem); and (3) GkBD (the 
dry-incineration ayateio) for spacecraft vaste nanageiDent systems design 
and development. The principal objective of this reviev was the determination 
of the relative state of technology for each of these three approaches to 
spacecraft vaste management, the pacing technical problems which remain to 
be solved, and the relative technical readiness of a system consisting of 
components from one or more of these three approaches to vaste management. 
Although a detailed tradeoff analysis was tot within the scope of this 
original review effort, an attempt was made to adequately define the material 
balance and flow sheet for each system approach. This definition was expected 
to provide a basis for a detailed tradeoff analysis in the future, if NASA 
desires to proceed in that way. In general, the Study Group was chartered to 
provide NASA Headquarters with information that can assist NASA in its decision- 
making efforts in this area of technology. 

Representatives of the Study Group completed visits at the facilities 
of G.E., Lockheed and CARD where they met with principal investigators on the 
respective development programs, discussed progress and status on these 
p::ograms, and observed apparatus. The results of these visits, combined 
with the Study Group^s review of available reports, were discussed in detail 
by members of the Study Group team to compare relative status and performance 
fe.itures among the three systems approaches. Recommendations were then 
foiTDulated by the Study Group and reported as interim findings to NASA. In 
ger.eral, it was determined that even an adequate common basis for comparing 
the candidate design approaches could not be fonmjlated within the scope and 
time and budget constraints of that contract task. Too many differences 
existed in the feed-stream experiences, presumed interfaces with other sub- 
systems, etc. One design contractor had operated a nearly integrated waste- 



mnagcBent system under eertein conditions, wherees other contractors had 
used only a part of a systas or entirely different conditions of operation. 
Porthermore, key pieces of data, necessary to complete a "coBnon-pathway" 
flowsheet were not available frr«n testing efforts to date. The Study Group 
suggested additional testing and measurements that should be made; otherwise, 
a rather tedious anal3^ical procedure must be pursued by the tradeoff analysts 
in order to formulate an adequate comparison basis and tradeoff model. 
Additionally, in some cases it wcs anticipated that it would be necessary 
to forecast or extrapolate technological developments before the system 
model could be completed as a basis for the comparison analysis. 

NASA's Bioenvironmental Systems Division decided that the contracting 
for extensive additional testing by the various contractors, using their 
respective subsystems concepts would be premature until a common or standard 
basis for cosq>arison has been established. In addition, this NASA group 
decided that the development of such a standard comparison basis, and the 
concomitant evaluation of the status of technological development to date 
on the alternative subsystems concepts should be accomplished independently 
from the subsystems development activities. This decision, together with the 
SAE Bioenvironmental Systems Study Group's background and experience in this 
area of spacecraft life-support systems technology, provided the rationale 
for the work described in this report. 

1.3 Background on Prior Subsystems Development Efforts : 

Early emphasis by NASA on the development of urine reclamation processes 
brought several concepts to the prototype subsystem design and testing stage. 
However, the stats of readiness of the early water recovery concepts impacted 
on the development of the remaining waste -management subsystems; particularly 
the fecal and solid-waste processing hardware. 


1-4 




The vscuum-drylog waste collector mod storage subsysteai concept 
dentonstrated that the activity of aiicro-organisos could be controlled adequately 
for safe storage tf the dried waste. Other feces processing concepts that 
would greatly reduce the amount of residue to be stored were of significant 
lAteresta but these necessitated the development of more sophisticated 
equipment and eventually led to a strong interest at N^A in ccnnbinstion water* 
and'waste processing subsystems. Development work on these concepts was based 
initially upon the goals of (1) creating a system chat would greatly reduce 
the amount of residue to be stored or returned to earth, as well as extracting 
usable materials from these wastes; and (2) improving methods for controlling 
bacteria in water and waste processing subsystems, including automatic monitoring 
and control features. 

Specific objectives of the development programs that ve:.:e sponsored by 
NASA for the three principal water*and-waste processitig concepts (wet oxida- 
tion, dry incineration, and incineration using radioisotopic heating) are 
summarized below. 

A. Wet Oxidation Process . — The investigation of the feasibility of applying 
the wet-oxidation process to spacecraft waste treatment was initiated under 
Contract NAS 1-6295 with the Whirlpool Corporation by the NASA Langley Research 
Center. The objective of this study was to investigate the recovery of useful 
water and gases from urine and fecal matter in conjunction w..th the processing 
ci wastes and the elimination of overboard venting of waste liquids and gases, 
based upon the wet -oxidation chemical process. The significant data obtained 
from this initial investigation (i.e., COD reduction; slurry-solids concentration, 
tenq>erature and pressure effects; etc.) led to a NASA contract with the 
Lockheed Missiles and Space Company (Sunnyvale, Cf. , Co'. tract No. NASl-9183, 
for the design and fabrication of a wet-oxidation batch-reactor laboratory 
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M^rctus wo loves-. Igate the effect i of tcKperate^. reaction tlse^ orygen 

end *'(>-<* xmte, ee-1 solids coneentretlon prior to tiie detailed design 
'll a raa<tor i^-ywlype. A pimtotype <:Mctor unit, scaled approsiaatc'ly to the 
^e^tp-'jkandllng «.t>^-tlr c ^** n ts ot a four-oan spacecraft slsslon, «s« designed 
end % jnsli.^c:ed on an ast^sira of this i .n^ract and included a test program 
Mt' : >fy chte pvstoi design Several st>- les were added from «-<»»<» tc time, 

~c pxovi<^>, tot 'TvoDPle (1. continuous, tether than batch processing; 

(2) <_ ■ valuati 'O of the m ^^lomisinb eater-reclamation subsystem for 
usp e'^-h a %i»’.'Ocids»i- a reac;^^-; and (S' develoi«K‘?t of a vaste-solids 
grinde'* . ash fiTvei . ano It f'- -testing of varlor , subsystem components. 

Results of this work ax*, suamiarized in Retereore S.6. A simplified schonatic 
diagram of the wet-oacid*^ tion test apparatus is y>^*iwn in figure 1-1. 

B. . t** oisot o pe Therm a l Energy bt">cess . — Ine General Electric Space 

Division initiated research s-ot. develu^-went work in ?969 on the RITE concept 
on Contract f . /.T(I1-1)-3C36 with the U. S. Atomic Energy C<mmissxov , with 
^.int sponsorship ty NASA headquarters and the U. S. /,ir Force (Uilght -Patterson 
kir Force ^ass,. The scope of this work Inclrded the design, development, 
fabzlcatior. and testing of an engine- rln? .-^el for an advanced water and waste 
proce«'iing subsystem. The design was based upon concepts studied by General 
Elfctric . j 8 previous NaSA contract. The engineering model was scaled to 
meet the approximate requirements for collecting and -processing wastes from 
four men for a 180-day slnulated space mission. Process steps included feces, 
trash and urine collection; water reclamation; storage, heating and dispensing 
of the water, and disposal of the teces, urine residue and ^ther non-metallic 
waste materia'..^ by Incineration. This program - . mtually com trted of seven 
phases as listed chirono logically and described in Table 1-1. The original 
Approach (shown schematically In Figure 1-2) provided for all wastes to 
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Figure 1-1. Simplified Schematic Diagram of Lockheed Wet-Oxldetlon Proeeaa (Taet Model) 
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Table 1*I. Program Scope and Schedule; G.E. RITE Syaten. 


Phaae 

start 

Complete 

Description 

I 

June 23. 19C9 

January 31, 1970 

1 

Design the waste Jncinerator/water reclamation unit 
(including the heat source) for the engineering model, 
with capability for operation with a radioisotope heat 
source and with on electrical heat source. Develop the 
critical components and subsystems of the waste Incln- 
crator/waler reclamation unit to permit design and 
fabrication of the unit. Prepare a preliminary design 
(inclu'Ung descriptive drawings), preliminary perfor- 
mance specifications and preliminary operating pro- 
cedures for the WM-WS engineering model. Prepare 
test plan for evaluation of the operational, life, safety, 
and maintenance characteristics of the waste incioera- 
tor/walcr reclamation unit and of the WM-WS en- 
gineering model. Prepare a preliminary safety analy- 
sis for the radioisotopes heat source. 

U 

February 1, 1970 

July 31. 1970 

Fabricate a waste incinerator/water reclamation unit 
in accordance with the Phase I design. Test the 
waste Inclnerator/watcr reclamation .unit in accor- 
dance with the Pha.se I test plan. 

m i 

j 

June 1, 1970 

August 31, 1970 

i 

Analyze Phase 11 test data, evaluate the design and 
operation of the waste incinerator/water reclamation 
unit. Revise the design of the waste Inclnerator/waier 
reclamation unit to eliminate deficiencies and add 
Improvements Indicated by such evaluation. 

( 




Table 1-1. Program Scope and Schedule; G.F.. RITE System. (Continued) 



Phase 

start 

Complete 

. . - * 

Description 


IV 

September 1, 1970 

June 15, 1972 

Prepare a detailed engineering design (including 
descriptive drawings), specifications and procedures 
suitable for fabrication and test of the engineering 
model, incorporating the revised waste incinerator/ - 
water reclamation imit design. Prepare final test 
procedures, including safety and emergency proce- 
dures, for the engineering model. Fabricate any 
necessary handling tools for the radioisotope heat 
sources and arrange for use of shipping cask. Pre- 
pare a safety anal'"'.s report for the radioisotope heat 
sources. Work with the fueling agoncy to provide 
radioisotope heat source final design and fabrication 

M 

1 




procedures. Perform additional development tests 

\o 




of solid pump concepts and the high temperature 
process. 


V 1 

i 

February 1, 1971 

June 16, 1972 

Fabricate the engineering model in accordance with 
the Phase IV design. 


VI 

Jane IS, 1972 

July 31, 1972 

Perform a ten day electrically heated operating test 
of the engineering model in accordance with the Phase 


i 



IV test plan. Evaluate the 10-day test data. Make 





necessary modifications to the engineering model and 





test and operating procedures. Upon completion of 

y J> 

t' r* 




thr above work, submit and/or distribute drawings, 

V. 

i 

1 

i 

I 



manuals and documentation for license r ''plications. 

■}. 

1 

VII 

July 31, 1972 
1 

December 31, 1973 

Conduct 180-day test using radioisotope heat aourcefs). 
Provide proper facilities to assure safety and 
security of the test area. Obtain AEC license for this 
radioisotope test application. 
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Urine 



Figure 1*2. Functional Diagram of G.E. RITE Procaas 







be collected in the evnporetor Vhere the water was distilled off at low 
teapexatuce. The reasiniiig solids were renoved centrlfugally fron the 
evaporator and then dried, thennally deconposed and Incinerated, with the 
resulting gases vented to space vacuum. The resialnlng ash was stored or 
Jettisoned. Transport air that was used to collect the waste was returned 
to the spacecraft cabin after being cleaned by catalytic oxidation, etc. 

More recently, the contractor has investigated requirements for closing 
the system to meet a sero-dump (to space vacuum) operating condition. 

C. Dry Incineration Process. — The General American Research Division 
(CARD) of the General American Transportation Corporation designed, fabricated 
and tested the CARD Model 1493 Waste Incineration System under NASA Contracts 
NAS2-4438 and NAS2-5442, sponsored by the NASA Ames Research Center. This 
process concept, shown schematically in Figure 1-3, was based upon automatic 
dehydration, pyrolysis and incineration of wastes produced by four men on 
a spacecraft mission. The input model used by this contractor was: 

600 grams of fecal matter, 600 grams of urine distillate residue containing 
50 percent solids, toilet tissue, and other miscellaneous wastes such as food 
scraps, plastic storage bags, hair, photo film, and fingernail clippings. The 
incinerator was initially designed to operate on a batch cycle, with all 
wastes collected in an incinerator canister. Further development work, under 
Contract No. NAS2-6386, involved an extension of program objectivea to include 
the design of a zero-g waste transporter; development and Integration of the 
CARD incinerator with commode developments supported by NASA; and the Increase 
of the incinerator system's capacity to accomodate a six-man mission. The 
program efforts were concluded with the development of an operational speci- 
fication for a baseline subsystem and the performance of a series of tests 
to evaluate the performance of the incinerator subsystem model. 
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Figure 1-3. Schematic Diagram of CARD Dry-lnclneratlon Process Concept 





1.4 CoBparlson of Contr»cors' Objectives ; 

Table 1*II provides a staBnaxy of contract objectives for water and waste 
reclanation programs initiated by the various H4SA research centers. Soeie of 
the effort originated as early as 1966. The extension by H4SA, several years 
later » of contract objectives in design and testing resulted from a requirement, 
established by the Space Statiou Project Office and the Life Sciences Directorate, 
that the recovery of useful water and gaseous products be incorporated in the 
development of these processes. 

Except for the G.E. KITE system development, subsystem integration and 
testing was not a technical objective. However, objectives did include a pre- 
liminary design of the system for purposes of evaluating subsystem components, 
weight, volume, size and system costs. 

Early test data that were obtained for the processes were based on a 
’•four-man system" objective %»hich was directed toward the reduction and/or 
elimination of waste storage requirements and contamination of the space vehicle. 
Therefore, the extension of the design and testing objectives, specifically for 
the wet-oxidation and dry-incineration processes, imposed some constraints 
or limitations on the equipment capability and extent of test data on the 
oxidation steps by shifting emphasis to the development of other subsystem 
units . 

This background information accounts for the Study Group's earlier observa- 
tion, discussed in Section 1.2, that conraon design criteria and bases for data 
comparison among the three alternative processes do not exist. All of the 
contractors were not required to work toward the conmon specifications of a 
standardized input model, testing to completely characterize all input and output 
streams, or compatibility of product gases with the air revitalization subsystem 
of a spacecraft. 
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Table l-II, Sunmary of NASA's Contract Objectives for Water and 
Waste Reclamation Programs. 


Development Process 
Wet Oxidation 
RITE 

Dry Incineration 


Development and 
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2. HETBOD OF APPBOACB 


The Method of approach that me choseo by the Study Group to accoa;>li8h 
the objectives and scope of study described in Section 1 consisted of five 
principal elements (or aubtasks): (1) establishment of an adequate data base 

and the analysis of the data base and the current status of technology for 
the three alternative processing nethods of Interest; (2) development of a 
standardised input and output model as a cosmon basis for ccmparlng and 
evaluating the alternative processes; (3) development of completed and 
scaled'up flowsheets for the alternative processes to satisfy the standardized 
input and output models and performance criteria; (4) comparlscn and tradeoff 
evaluation of the completed and scaled-up processes; and (5) development of 
conclusions and reconmendations . The objective, rationale and general activity 
components associated with each of these subtasks are outlined below. Detailed 
procedures and results are presented in corresponding subsequent sections of 
this report. 

2.1 Establishment and Analysis of the Data Base : 

Initially it was necessary for the Study Group to develop an adequate 
understanding of the actual work performed and results obtained to date by 
each of the contractors responsible for the development of the three alternative 
processes, in terms of the various contract objectives discussed in Section 1. 

This subtask also included the definition of requirements to complete tne flow- 
sheets for each process and develop a common basis (i.e., input capabilities 
and output specifications) for the evaluation of system performance and trade- 
off comparisons among the alternative processes. The procedure used to accomplish 
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these objectives Included the following steps: 

(1) An Initial, detailed review of contractors' reports and unpublished 
data furnished early in this study program by NASA and the contractors, 
and supportive chemical process literature. 

(2) Visits at contractors' facilities to meet with their proJ<fct-team 
representatives, discuss project results, clarify questions identified 
by the Study Group from the review of reports and data, and observe 
experimental hardware (the list of visits and discussion s^mniary 

for each are presented in Appendix I). 

(3) Study Group work sessions, interspersed among the visits at 
contractors* facilities, to assess the data-base material, establish 
the basis for further discussions with contractor and NASA representa- 
tives, and formulate the specifications required by the Study Group 

to accomplish the development of the common basis for con5>aring the 
alternative processes. 

(4) The analysis of contractor data ('*as-tested**) , to determined 
consistency and credibility of the reported data (as well as the 
demonstration of technical feasibility), oy performing detailed material 
and energy balances for each test system. 

Step (4), above, required a very significant effort by the Study Group. 

This stemmed from the general unavailability of as-tested data, for all three 
candidate processes, for scaling the test systems to a standardized complete 
process that would satisfy the performance requirements upon which the Study 
Group's investigation was based (as discussed in Section 1) and permit a common 
basis for comparison of the alternative processes. Auxiliary (not tested) 
process units had to be identified and characterized to adequately complete the 
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process flowsheets for the eteoderdlsed perfotsenee besls for comparison. 

The material and energy balances also served the very important role of 
answering questions concerning the demonstrated ability of the test systems 
to accomplish their design objectives; and, if the systems did not meet 
these objectives, the reasons that could be determined and recaanendations 
for further testing on design Improvements that might lead to better performance. 
Therefore, the Study Group determined that this material and energy balance 
development effort would provide a very valuable contribution to the overall 
understanding of system functions and performance evaluation, in addition to 
a basis for the scale-up to the standardized case (size, input, output criteria) 
for each alternative process. 

Details of the procedure and results associated with this subtask are 
presented in Section 3, of this report:, 

2.2 Development of a Standardized Input Model . 

Based upon both the preliminary observations by the Study Group before 
this investigative program was initiated (discussed in Section 1) and the 
Group's data base analysis on the subtask activity described in Section 2.1, 
it was determined that the design guidelines used by the three contractors for 
the development of their respective processes varied significantly. The 
variances occurred principally in the values the contractors chose for the 
input models for urine, fecal and trash compositions. In addition, the 
criteria designated by NASA Headquarters which formed the basis for this 
investigative program included the requirements for handling wash water, 
providing for maximum recovery or storage of all products (zero-dump criteria) , 
and concoranitantly assuring compatibility of the product streams with other 
spacecraft life-support subsystems (air revitalization, potable water storage,etc. ) . 
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Therefore, it ves neceseery for the Study Group to develop standardieed, 
cooDOD Input and output specification aodels as the basis for comparing the 
alternative processes (on an essentially one-to-one basis) . It was very 
apparent, from the analysis of the as-t ited results compiled during the 
data-base review step, that auxiliary processing units (not actually used 
or tested to date by the contractors) of various types would have to be 
identified and sized by the Study Group to complete the flowsheets for the 
alternative processes such that each would meet these standardized input 
and output (l/o) specifications. The grouping of types of auxiliary process 
units required would, of course, vary among the alternative systems, dependlt - 
upon the extent to which the current contractor system designs can satisfy 
the standardized i/o specifications. Hence, the standardized l/o model was 
developed by the Study Group to provide the basis for completion of the process 
flowsheets and scale-up of these completed flowsheets to the six-man crew 
capacity requirements, as necessary. This subtask was conducted essentially 
in parallel with the data-base subtask described in Section 2.1. 

The approach used by the Study Group to accomplish this subtask involved 
the compilation, review and condensation of appropriate sources of data for 
spacecraft waste inputs and atmosphere and water quality standards. Best 
(i.e., most current and/or most credible) data for urine, feces, washwater, trash, 
and wet-food wastes compositions were selected from source data such as those 
reported for manned -chamber tests, manned space missions and NASA's advanced 
mission planning studies. These sources, the detailed procedures used in 
selecting "standardized" values from these sources, and the standardized values 
that were selected are summarized in Section 4 of this report. Values for 
cabin-atmosphere and potable water purity specifications were derived from 
standards generated for NASA by the National Academy of Sciences. 
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2.3 Developaent of Sfn<Urdt«ed Flowsheets as • ComnoD Basis for Proceas 
Bvaluatloo : 

As was dlscuased above in SectloD 2.2, it was necessary for the Study 
Group to develop conplete flowsheets for each alternative process, using the 
standardised input and output specifications (discussed in Section 2.2 also) 
as the basis for conq>letiug the flowsheet (beyond the as^tested versions) 
and sizing the various component units of the flowsheet. In general, scale- 
up of previous l}’-tes ted cocponents was based upon performance data for the 
as-tested versions of the units and appropriate acale-up factors developed 
from accepted engineering practice by the Study Group. Sizes of auxiliary 
units (added to flowsheets by the Study Group to conplete them for the 
standardized requirements) were estimated by the Study Group from reported 
design data for similar units. Although actual test data were used for 
contractor process units to the maximum possible extent, occassionally it was 
necessary for the Study Group to use available test data only as estimates 
of probable test results for the as-tested apparatus. This was necessi-ated 
in cases where actual testing did not include the processing of material 
present in the Study Group's standardized input model. 

The product of this ; ibtask effort was «. set of process flowsheets, 
for the three processing alternative' -ich offered reasonable promise of being 
able to technically satisfy the stan. ..dized input/output models. Where 
auxiliary units had to be added to a giver, flowsheet, the Study Group attempted 
to select approaches that had the greatest poteatial for successful performance 
in such applications. To the extent possible, auxiliary units were also 
selected to impose the least penalties on the process to which they were added. 

Details of the development of these "standardized flowsheets" also 
are presented in Section 4 of this report. 
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^> 4 CooPTlson of Process Alteroatlves and Tradeoff Analysis : 

The of this subtask vas the analvsls of the data 

#^‘File6 or en the subtasks described in the ab\^'^ subsections to 

and evaluate the three alternative proce >;li^ netl.ods and 
estjr!. :4%h r !*r **aroraneQdations concerning further developmental efforts 

eo thesr c thr/.": A evaluation was of particular interert to a-'‘SA 

HeX^uarters, w^cf v e fiiasis on the standardized input/output 

aodels as the bar 12 : (iu: with consideration also of effects .f certain variances 
In these Models as :: che .^cterlzation ot sensitivity of ebd evaluatim model). 
Subtask objectives were acccuiplis«ie%A by the ^>roced-.'"e outlined below: 

(1) The tradeoff Lvodel was cstal bed bat^i upon an analysis of the 

score of the tequireU evs! mtio*;.. i'--? iii-*.ation of key parameters 

to be c .-sidered «*ad convrr^lrt factors for penalty assessments (in 
terns of equivalent system weight) » and a review anJ assessment of 
c*»nventional tradeeff mcdels ^*^ed for the compat.se:. ol sp.^cecraft 
life-sapport systems altema^i'^es . 

(2) Each of the alternative prortr'^es was ^v-alv^ed, ccanf o lent by com- 

ponent, to establish besi-6 •'Imatr va1u*^s for weight, volume, power 
and thermal penalties, ^11 ims of an equivalent-weight parameter 

using the con^t=rsion factors that were established on th.^> subtask. 

(3) A’’ ^valuation "scoring*' form was developed as a tool for oPplying 
the tradeoff model to the comparison of relative advantages and 
disadvantage.^ associated with each of tb^ altemativ^* ;*r ,estv 

(4) The Study Group prepared a concensus ratin^^ for l / '.lative 
processes using the (^coring form, penalty .6 lues (from the earlier 
step on tnis subtask), and judgment derived from the data-base, as- 
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tested nperlence lofonntion and the atandardlted flovsbeet aub- 
tasks as the basis for scoring. Initially, this scoring was 
accomplished for a baseline foission model. 

(5) Results of the tradeoff (sccring) evaluation were analysed for 
significance and sensitivity. Sensitivity was estimated free a 
comparison of baseline results with results obtained for alternative 
mission cases. 

Details of the tradeoff analysis for the baseline case, and a suomary 
of the results that were obtained, are presented in Section 5 of this report. 
Results of the consideration of alternative (other than baseline) cases are 
presented in Section 6. 

2-5 Development of Conclusions and Recommendations : 

^rom the results of the previous subtasks, comprehensive recemmendations 
were forTrulaced to guf • NASA in planning and managing continued technology 
development for spacecraft water and waste management systems. These recommenda- 
tions focused on (1» design factors which will require better clarification 
through more incisive study of process performance characteristics; (2) design 
alternatives that offer proitise of improved performance to satisfy requirements 
of the standard input /output model; and (3) criteria for the selection of 
complete w>»ter/waste management systems to best satisfy some typical mission- 
tpplication requirements. These conclusions and reconmendations are presented 
in Section 7. 
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3. ANALYSIS OF AS-TESTEO SYSTEMS 

As discussed In the p*^eding section, the objective of one of the first 
tasks of this study ms to ascertain Mhat systems and feeds had been tested 
and Mhat experimental data were available. These data were to be used to 
develop a material and energy balances for e»rh as>tested system. The 
Mterlal and erwrgy balances were needed to evaluate the adequacy and co''* 
sistency of tne experimental results, to evaluate the credibility of tech> 
nical feasibility, and to establish a basis for scale-up ot the as tested 
systems to the standardized input model. 

For each system, the Study Group found Insufficient experimental 
data available for adequate closure of material and energy balances. 

In general, the scope of the contractors' program did not include 
material and energy balanced closure as an objective; and, consequently, 
the experimental procedures did not include thorough analysis of inputs 
and outputs; nor did they necessarily include accurate measurement 
of all input and output flow rates. Ir many cases, output compositions 
were determined only for a small nuntfier of grab-samples from exit streams 
which varied with time due to the batch nature of the experiments. 

Due to the inadequacy of the experimental data the Study Group had 
to make numerous assumptions and approximations to force closure of the 
material and energy balances of the as-tested cases. 

None of the contractors measured elemental compositions of urine, 
feces, trash, or washwater feed. Thus, the Study Group had no alternative 
but to estimate elemental breakdowns; the values used for these input 
estimates are those adopted by the Study Group ^or the standardized input 
model and are given in Section 4.1. 
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In one case, the Lockheed Wet -ox system, the as-tested feed was signif- 
icantly different from the contractor's design (^jectlve. In particular, 
the reactor was designed to process a feed of urine, feces, trash, and wsh- 
afater. The only experimental tests In which output compositions were avail- 
able (i.e., the as-tested case) used urine and feces as Inputs. The Study 
Group decided to estimate material and energy balances for a hypothetical 
case in which the feed would correspond to that stated in the contractor 
design objective (the COG case). It was assumed that the experimental 
system would adequately handle this entire feed. This hypothetical 
COO case was used as a basis for scale-up to the standardized wet-ox 
model, as discussed in Section. 

3.1 GARD Mass and Energy Balance as Tested: 

The GARD process is basically an incinerator that was originally 
designed to handle princip-.lly metabolic wastes. The only test data 
available are for the incineration of a slurry of feces, toilet tissue, 
and urine concentrates. A mass and energy balance of the process is 
shown in Figure 3-1 and Table 3-1. The output figures were supplied by 
GARD and were obtained by averaging the measured quantities from tests 3, 

4 and 5 reported in Reference 4.9 (at the end of Section 4). 

The total input weights of urine, feces, toilet paper and rinse water 
were measured by GARD during these tests, but no compositional data were 
obtained. The compositions of urine and feces were taken as those developed 
for the standardized input model (see Section 4.1). 

GARD calculated that an average of 520 g. of CO^ was supplied to the 
bearing and seal du>"ing the three tests. In the calculation, a total volume 
of gas was measured and the stream was assumed to be 100% CO 2 . Based on 
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(all units In qrams except as noted) 



Figure 3-1. GARD Mass and Energy Balance as Tested 





Condensate 


TABLE 3-1. fiARO Mass Balance as Tested (corrected, 


see text) 


INPUT 

Total 

C 

N 

0 

H 

S 







URINE SOLIDS 

225.0 

41.18 

49.32 

38.74 

9.14 

0.81 

FECES saios 

112.5 

76.20 

4.50 

13.20 

13.20 

0.32 

TOUn TISSUE 

10.0 

4.44 


4.90 

0.62 


H2O 

722.5 



642.22 

80.28 


O 2 

CO 2 + AIR 

430 



430.00 



CO 2 

421.52 

114.96 


306.56 



N 2 

49.28 


49.28 




O 2 

15.04 



15. C4 



TOTAL 

1985.84 

236.78 

103.1 

1450.66 

103.24 

1.13 

OUTPUT 







0 

0 

NJ 

684 

186.54 


497.45 



1^2 

103 


103.00 




« (0. 
O' 1 ^ 

98 



98.00 



ICO 

1 

0.43 


0.57 



“2 

0 






V (HoO 

860.46 



764.85 

95.61 


5 iTotal Carbon 

2.43 

2.43 





"S /Inorganic Salt 

4.74 






3 [Suspended Solids 

5.36 






ASH REMOVED 

48.67 






ASH IN SYSTEM* 

30. 






TOTAL 

1837.66 

189.4 

103.00 

1360.87 

95.61 

NO DATA 

(input - output) A 

+148.18 

+47.38 

-0- 

+89.83 

+17.63 


(input - output )S 

+7.5 

+20.0 

-0- 

+6.2 

+17.0 



* GAKD estimate, personal communication 


Inorganic 

ash 


85.95 

5.10 


91.05 


4.74 

5.36 

48.67 

30. 

88.77 

+ 2.88 

+2.5 
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this assumption, the mass balance showed the nitrogen output to be 
approximately 100X more than the nitrogen Input. GARD felt that this 
mas too large a discrepancy to be accounted for by the normal variations 
encountered In the composition of urine and feces. Their best explanation 
Is that there must have been an air leak Into the CO 2 supply system. 
Assuming this to be true, and that the measured volume of bearing supply 
gas Is accurate, but the composition was CO 2 and air, not pure CO 2 . 
the gas stream coR^sItlon was calculated to obtain a nitrogen balance 
as follows: 




0 

0 

ro 

A. 

A. 

TOTAL 

Original assumption (g-mole) 

520 . 
'W 

11.81 

0 

0 

11.81 

Nitrogen required to balance 
Input & output (g-mole) 

49.28 . 
28 


1.76 



Oxygen contained in air 
with nitrogen (g-mole) 

1.76 . 



0.47 


New assumption (g-mole) 


9.58 

1,76 

0.47 

11.81 

New assumption (g) 


421.52 

49.28 

15.04 



This assumption was used to compute the mass balance shown in Figure 3-1 
and Table 3-1. In this mass balance there is an output deficit of up to 20% 

In each category, which Is reasonable considering that the composition of 
the urine and feces Inputs was assigned rather than measured. There are 
several obvious explanations for output deficits including the following: 

1} The urine and feces contained less solids than assixned; 

2) The measured amount of bearing gas was erroneously high; 

3) The final ash contained some carbon; 

4) More ash remained unrecovered from the system than the amount reported. 
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Tf« stolchlonetric anount of oxygen required to condNist all of the 
carbon and hydrogen In the Input ms computed as follows: 


H or C Oo 

A A m • ^ 


ASSUMPTIONS 

In Solids, g 

Required, q 

C ^ 0^ co^ 

121.82 

324.85 

2H %02 H 2 O 

22.96 

183.68 

0 in solid feed 


- 56.84 


TOTAL 

451.67 

The oxygen supplied for combustion was 430 15.04 

* 445 grams. 

The apparent amount of oxygen actually used in combustion (Including 

oxygen in solids) can be determined from the output figures of the 

mass balance as follows: 



COMBUSTION PRODUCTS 


O 2 in combustion 
products, g 

CO 2 = 6a4 - 421.52 * 

262.48 X II . 

190.89 

0 

0 

It 

) x||. 

.57 

H 2 O = 860.46 - 722.5 

« 137.96 x « 

122.63 


TOTAL 

314.09 


This Is less than the amount of O 2 required to combust the incut products 
by 138 grams or 30 percent. This suggests that there were uncwnbustible 
or partially oxidized organic output products that escaped measurement 
during the test. It is concluded from the analysis above that the CARD 
system was actually oxidizing approximately 20 to 30 percent fewer solids 
than the input assumptions show in the mass balance. This deficiency 
must be taken into account when scaling up from the "as tested" mass 
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balance to the "standard" mss balance. 

To Inprove the accuracy of the mss balance and to ascertain mre 
accurately the actual capacity of the CARD Incinerator* the ash should 
be analyzed for carbon content, the water condensate should be analyzed 
for organics, and the off gas should be analyzed for partial oxidation 
products. It should be noted that until a satisfactory closure of the 
oxygen balance Is obtained, the efficiency of the catalytic oxidizer 
cannot be ascertained within a satisfactory degree of confidence. 

The heat and power requirements *‘or the GARD as-tested system, as 
determined from GARO personnel, are as follows: catalytic burner, 

714 w-hr; Incinerator, 2770 w-hr; blowers and paddle, 3750 w-hr; and 
heat of conbustlon, 820 w-hr. 

3.2 6.E. Hass and Energy as Tested : 

The data base used for the analysis was obtained from references 4.8 
4.10 and 4.11. Most of the results came from the 10- and 180-day tests conducted 
by 6.E. (Ref. 4.8). Since detailed listings of Inputs were not available. 

It was assumed that the as-tested Inputs were, on the average, consistent 
w'th the design Inputs given In Section 4.1. These Input requirements 
were followed as closely as possible by G.E. (Ref. 4.11). 

Feces: 1.2 Ib/day 

Urine: 14. C' Ib/day 

Trash: 1.2 Ib/day 

Wash water: 24.0 Ib/day 
ECS condensate: 20.0 Ib/day 

A schematic of the system Is shown In Figure 3-2. In addition to the 
Inputs listed above, oxygen was fed to the catalytic oxidizer (stream 6) 
and Incinerator (stream 7), and nitrogen was used to purge the Incinerator 
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Figure 3-2. Schematic of 6.E. RITE WMWS. 
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(stream 8). The subsystem conponents sho«m by dashed boxes In Figure 3-2 
were not used by G.E.; these components were Identified during our analysis 
as additions necessary to achieve zero-dump requirements. 

The outputs shown In Figure 3-2 are streams 9 through 14. As the 
original design basis did not call for zero dump, the experimental program 
did not Involve monitoring of all exit streams. The Impurities In the 
recovered water (stream 9) were monitored periodically; a few grab- 
samples of the catalytic oxidizer vent gas (stream 10) and the Incinerator 
off-gas (stream 11) were available. No attenpt was made to determine 
quantitatively the ash collected (stream 12), although a few tests were 
performed to determine the ash content of dry solids feed. 

To determine the consistency of the experimental results, the Study 
Group attempted to determine the extent to which the experimental results 
could be used to close the mass balance. The following procedure was used: 

1. Inputs . The average dally Inputs were broken down Into water, 
organics (C,H,0,N,S), Inorganics (salts and ash), air, oxygen, 
and nitrogen. (See Tables 3-II and 3-III). The sum of the liquid 
and solid Inputs was taken as the evaporator feed. 

2. Evaporator Outputs . The evaporator splits the liquid and solid 
feeds Into a vapor fraction (mostly steam) which Is the 
catalytic oxidizer feed, and a dense slurry fraction, which 

Is the incinerator feed. 

a. Vapor Fraction . In theory, the compasltlon of the vapor 
fraction leaving the evaporator can be determined from the 
analyses of the condenser off-gas (stream 10) and the recovered 
water (stream 9). As described In a subsequent section, this 
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TABLE 3-II. G.E, INPUTS (As-Tested*) 
( qrams/day) 


Stream 

No. 

Item 

Total 

Inputs 

Air 

(flush) 

H 2 O 

Total 

Solids 

C 

N 

0 

H 

s 

Ash 

2a,b,c 

Urine 

21,621.9 

13,111.6 

8,282.3 

228.0 

41.68 

1 

49.95 

39.22 

9.26 

0.83 

87.06 

1a,b,c 

Feces 

24,576.2 

21,852.7 

2,587.4 

136.1 

1 

1 

92.17 

i 

5.44 

15.96 

15.96 

1 

0.37 

6.16 

3a ,b 

Trash 

2,721.5 

-0- 

2,177.2 

544.3 

466.52 

-0- 

1 

-0- 

77.78 


-0- 

5 

ECS Cond,** 

2,555.5 

-0- 

2,555.5 

-0- 

-0- 

-0- 

-0- 

-0- 

-0- 

-0- 

4 

Wash water 

10,886.2 

-0- 

10,831.8 

54.4 

34.47 

-0- 

19.96 

neg. 


-0- 

6 

O 2 (Cat. Ox.) 

341.58 

-0- 

-0- 

.0- 

-0- 

-0- 

** 

(341.58) 

-0- 

-0- 

-0- 

7 

O 2 (Incln.)* 

2,588.30 

-0- 

-0- 

-0- 

-0- 

-0- 

*** 

(2,588.30) 

-0- 

-0- 

-0- 

8 

N 2 (Ash Dump) 

32.66 

-0- 

-0- 

-0- 

-0- 

1 

**« 

(32.66) 

-0- 

-0- 

i -0- 

-0- 


TOTAL 

65,323.84 

34,964.3 

26,434.2 

962.8 

634.84 

55.39 

(32.66) 

75.14 

(2,929.88) 

103.00 

1 

1 

1.20 

1 

93.22 


* 

O 2 input adjusted to zero dump requirement. Assumes 1.2 x theoretical O 2 required for 
complete oxidation of organics fed to Incinerator. 


Total ECS Condensate feed « 9,071.9 g. of which 6516.4 g Is used for flush water. 
Excluded from total solids sunmatlon. 





TABLE 3-III. SUMMARY OF G.E. INPUTS (As-Tested*) 

(grams/day) 


Input 


Total 


Ash 


HgO 


Solids 


Air 


26.434.2 

962.8 634.84 

2.929.88 
32.66 

34.964.3 


55.39 


32.66 


23,497.07 2.937.13 


75.14 103.00 1.20 93.22 


2,929.88 


27,194.46 7,769.84 


TOTAL 65,323.84 634.84 27,282.51 84,271.94 3,040.13 1.20 93.22 


O 2 Input adjusted to zero dump requirement. Assumes 1.2 x theoretical O 2 required 
for complete oxidation of organics fed to incinerator. 
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procedure could not be used because It predicts unrealistic 
organic concentrations In the evaporator vapor output. Further- 
•ore* the condenser off-ga^ analysis are Inconsistent ivlth the 
recovered water analyses. These two streams should reach a liquid- 
vapor phase equilibrium In the condenser. If the condenser off- 
gas analyses were assumed to be correct, the Impurity levels 
In the recovered water should be much higher than those reported. 
Thus, the condenser off-gas analyses were suspect and were deemed 
too unreliable to be used to back-ca1cu1ate evaporator vapor 
output. Lacking better data, the only alternative was to estimate 
evaporator vapor output based on assumptions of the volatilities 
of the components fed to th« evaporat r. It was assumed that 
all of the urea plus 50% cf the remaining non-ash solids of urine 
plus 502 of the non-ash solids of feces would be sufficiently 
volatile (as fed or through decomposition In the evaporator) to 
be carried over with the steam. 

b. Slurry Fraction . Having estimated composition of the vapor 
fractici, the organic and Inorganic components of the slurry fed 
to the Incinerator were found by difference (i.e., evaporator 
feed less vapor output). The water content of the slurry was 
estimated from two Independent observations made by G.E.: (1) 

the water losses from the incinerator were estina »d to be about 
12 of the total water Input per Incineration, with an average 
of 5 Incineration cycles per day (Ref. 4.8); and (2) the incinerator 
feed was measured In one test and found to be about 5C wt-2 water 
(Ref. 4.11). These two independent estimates differed by about a 
factor of 2. Consequently, an average of the two estimates was used. 
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3. Incinerator Outtnits The Incineration Is actually a three>step 
batch process: the Mter Is driven off, a portion of the organics 
are pyrolyzed, and then the renalning combustibles are oxidized 
with o)^en feed (stream 7). Since the 6.E. systen was M>t designed 
for zero dump, the extent to which organics wer> pyrolyzed or 
oxidized was limaterlal In G,E.'s test program. In fact, we 
eitimated the oxygen required to completely oxidize the organics 
.Vd to th< Incinerator and found that the actual oxygen fed tas 
•ess than lOf of the If-ocretlcal requirement. In modifying the 
system to meet zero-dunp requirements. It was assumed that oxygen 
would t‘zd tn excess above theoretical and that the off-gas 
be processed In i catalytic oxidizer to ensure complete 
combustion. 

Based on our a^>d lysis of the ash content of the tots! 
inputs to the system, we obtained an estimate of the ash output 
of the incinerator output. This va'ue was approximately lOt 
of the total solids irput. "^here is a significant discrepancy 
between this value and res.’ils reported by G.E.: “reduction In 

solid waste weight is greater than 952“ and "the ash Is approxi- 
mately ^2 of the initial solid waste input weight" (ReT. 4.8). 

A summary of the results of the system outputs is given 
in Taole 3-IV. 

Using the results of the mass balance as a basis, energy balances were 
made for each major piece of equipment. Independent estimates of heating 
requirements for the G.E. RITE system have been reporteo previously by 
McDonnell Douglas (Ref. 4.10). 
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TABLE 3-IV. SUWARY OF 6.E. OUTPUTS 
(Qrams/day) 


Stream 



Item 

Total 

C 


0 

H 

$ 

Ash 

14 

Air sterilizer 

34,964.3 

- 

27,194.46 

7,769.84 

- 

- 

• 

12 

Ash 

93.22 

- 

- 

- 

- 

- 

93.22 

13 

N2 from ash 
^ collected 

32.66 

• 

32.66 

- 

- 

- 

- 

10 

Condenser 

off-gas 

924.93 

75.17 

46.98 

741.65 

60.53 

0.60 

- 

9 

Recivered 

water 

24,973.55 

• 

- 

22,198.71 

2,774.84 

- 

• 

11 

Incinerator 

off-gas* 

4,335.19 

559.66 

8.45 

3,561 .74 

204.74 

0.60 



TOTAL 

65,323.85 

634.13 

27,282.55 

34,271.94 

3,040.11 

1.20 

93.22 


♦ 

O2 input adjusted to zero-dump requiren«nt. Assumes 1.2 x theoretical O2 required 
for complete oxidation of organics fed to incinerator. 


PAQi (C 

^ QUAUrv 
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The results ere simerlzed In Teble 3-V. In general, the tMO estlnates 
Mere In good agreenent. Where differences «ere significant, the Study 
Group elected to use what It considered to be the wore accurate estlaate 
(colunn 3). 

Keat tosses were detemlned by difference fron heat Inputs and heat 
requlreoents. 

For the 1ow>temperature heating loop, the Input heat Is used for the 
evaporator and the water storage tanks- Since the water storage tanks were 
not considered part of the waste aanagement systen, the heat Input and 
losses charged to the G.E. RITE systen were taken as a fraction of the total, 
the fraction corresponding to the ratio of evapoi^ator heat to total heat 
requirements. 

3.3 Lockheed Mass and Energy Balance , as Tested : 

The wet>ox1dat1on process for disposal of waste materials In space 
cabins differs from the other candidate processes In that “wet-ox“ 
operates In a continuous mode. In aqueous environment, and at high pressure 
and temperature (2200 psia, 550*F). However, the fundamental thermo- 
dynamic cycle of water vaporization, combustion of organic matter, and gas 
clean-up Is similar. 

The contractor (Lockheed Missiles & Space Co.) chose a "standard" 
design based on a four-man crew, and assumed the human waste would consist 
of equal parts of urine and feces, at the rate of 3.2 1b urine per man-day 
with 5Z solids and 0.35 1b feces per man-day with 25Z solids, both with a 25¥ 
design margin. This was estimated to produce a feed flow rate of 5.5 cc/mlr 
with 6.5t solids (Ref. 4.12). These are reasonably consistent, but not 
Identical. Therefore the fecal-urine design basis was used for the analysis 
of the "as-tested" case, I.e., 
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TABLE 3-V. 


SUMMARY OF EN E RGY REQUIREMENTS (As-Tested) 
( All numbers In k whr) 





Best estimates 

High Temperature (HT) Loop 

BSS6 Estimates 

MCDAC(2) 

(used herein) 

Air Sterilizer 

2.20 

1.06 

2.2 

Catalytic Oxidizer 

1.36 

1.56 

1.5 

Incinerator 

1.50 

1.73 

1.6 

Total HT Requirements 

5.06 

4.35 

5.3 

Total HT Inputs (420 w) 

10.1 

10.1 

10.1 

RT Loop Loses (by difference) 

5.04 

5.75 

4.8 

Low Temperature (LT) Loop 




Evaporator 

17.63 

17.44 

17.5 

Water Tanks 


6.33 


% of requirements used for evaporator 

_ 'l7.44XlO^ , 7T /I 

■ TTTJTtT.'SJ * 


— ... 

Total LI Input (1550 w) 


37.20 

27.3* 

LT Loop Losses (by difference) 


13.43 

9.9** 


* 

73. of 37.20 kwhr charged to evaporator 
**73. 4X of 13.43 kwhr charged to evaporator 



Urine (3.3)(4)(1.25) > 16.0 Ib/da^y 

Feces (0.35)(4)(1.25) « 1.75 1b/d«y 

The trash aodel (Ref. 4.1 and i..b1e 4-V) was developed later, but has not 
been tested. 

The as-tested inputs are shown in Table 3-VI, with the Inputs broken 
down by elements on the basis of the Study Group's standardized composition 
models (see Section 4.1). 

The gas Input rate was designed tu be 1.2 g O 2 per g solids (which 
Is approximately the stoichiometric amount of O^), but the as-tr.steo O 2 
rate was not directly measured; therefore, the as-tested O 2 Input rate was 
reconstructea from the carbon balance, based on CO 2 and CO In the outlet 
gas and corrected for measured COD In the liquid effluent. 

In the only long-term continuous test performed, lasting 100 hours, 
one gas sample was taken and analyzed at 72 hours, and liquid samples were 
taken and analyzed at 58 and 66 hours. The gas-phase composition Is given 
In Table 3-VII, and the liquid-phase measurements in Table 3-VIII. 

The oxygen supplied was estimated from the arbor balance by assuming 
that all C supplieJ was found in the following outputs; CO 2 and CO In 
the gas phase, and COD In the liquid phase (as fecal cellulosic material), 
with the data of Table 3-VI, the Op for combination with C and H, less 
the 0 in the organic feed gives the theoretical O 2 - The actual O 2 supplied 
is estimated as the sum of O 2 found In exit CO 2 , CO, free O 2 , and the 
calculated HpO formed. 

Table 3-VIl reveals a large excess of oxygen, indicating that about 
three times the theoretical oxygen requirement was supplied (1175 sec/min 
supplied vs. 391.5 sec/min theoretical). 


Then 
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TABLE 3-VI 


Input Quantities for Lockheed Wet Oxidation System, As-Tested 

( Basis: 1 day ) 



Total 

H 2 O 

Total 

Solids 

C 

Urine 

7,257.6 

6,974.5 

283.1 

51.8 

Feces 

793.8 

585.1 

208.7 

141.4 


N 

0 

H 

S 

F 

Ash 

62.0 

48.7 

11.5 

1.0 

- 

108.2 

8.3 

24.6 

24.6 

0.57 


9.4 


0 


2 


-(Unknown - est. 200* excess) 


8,051.4 7,559.6 491.8 193.2 70.3 73.3 36.1 1.6 


117.6 



TABLE 3-VII 


Gas Analysis Taken frm Test of the Continuous 
Met Oxidation Process conducted by the Lockheed 
Missiles and Space Corporation. (Sample 
taken at 72 hours). 


Carbon Dioxide 

16.7 S 

Oxygen 

60.0 % 

Nitrogen 

20.4 % 

Carbon Monoxide 

0.18 t 

Amnonia 

20 ppm 

Oxides of Nitrogen 

None 

Oxides of Sulfur 

None 

Hydrogen Sulphide 

None 

Total Hydrocarbons 

0.115 ! 

Methane 

19 ppm 
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TABLE 3-VIII 


Reactor Effluent Mater Characteristics from Test of the 
Continuous Met Oxidation Process conducted by the Lockheed 


Missiles and Space Corporation 

Sample 

58 hours 

66 hours 

0 Effluent Mater 

Chemical Oxygen Demand (mg02/gm vmter) 

3.9 

1.0 

Total Suspended Solids {% by weight) 

0.63 

0.25 

0 Filtered Effluent 

Total Mater Soluble Solids {% by weight) 

1.2 

1.3 

pH 

8.4 

8.4 

Total Alkalinity (mg/cc) 

14 

10 

Conductivity 

Infinite 

Infinite 

Total Nitrogen (mg N 2 /gm water) 

9.3 

8.0 

Anmonla Nitrogen (mg N 2 /gm water) 

8.1 

7.0 

Organic Nitrogen (mg N 2 /gm water) 
Dissolved Ions (Z by weight) 

1.2 

1.0 

Ammonia 

1.2 

1.0 

Chloride 

0.39 

0.38 

Sulphate 

0.05 

0.05 

Phosphate 

0.02 

0.02 

0 Percent Reduction In COO 

93 

98 
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The nitrogen Measured In the outlet gas (Table 3>VII) Is believed to 
come from the slurry feed tanks, Mhich were pressurized under nitrogen 
atmosphere. Since the solubility of nitrogen In water at this pressure can 
account for only about It N 2 In the outlet gas, the nitrogen probably entered 
the reactor by physical entrainment, or else was Introduced when one of 
the slurry feed tanks emptied. In the as-tested system, there was probably 
only a negligible contribution of N 2 from oxidation of aainonla N. 

During the 100-hr continuous test performed by the contractor, 380 watt 
of power supplied the reactor to maintain the temperature at 550^F. Using 
the Study Group's estimate of the as-tested 1n(Xits (as given In Table 3-VI) 
and the measured off-gas composition (as given In Table 3-VII), an energy 
balance was reconstructed In the following manner. The heat losses from 
the reactor were estimated using a First Law baiance around the open system 
of the reactor: 


where U = Internal energy of the reactor 
dU = 0 at steady state 

= net heat required to sustain the reactor at 550°F 
dW = PdV - work done by the reactor = 0 
H = specific enthalpy 
N = moles 

On a basis of one day, the Integrated form of Eq (1) Is: 


( 1 ) 


^et ” out ^out^out * In ^In^'^ln 

+ (HN).p - (HN)cp 
^'^^out ‘'‘^In 

" <«out ' «1n>I»‘l 


( 2 ) 
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where subscript H ■ water 

CP • combustion products 
CR ■ combustion reactants 
I ■ Inerts (less water) 

Noting that 

(HN)„ - « [{HN)j.p - (HN)j.p ] + [{HN)^.p - ] 

*^out In out In in in 

(HN)^.p^^^“ (HH)^p^^ ♦ ^combustion 
* (NCp)-p(Tout ■ "’’in^ 

Eq (2) becomes 

«net ‘ * Ci*»>CP * »,bust(or, 

Evaluating the first term of Eq (4) from the Steam Tables, 

^”out"“in^w\ * ^”550®F,sat ' ^77*F,sat^'^W 

( 550 - 45 ) cal ^ 7560 q 
1.8 g * day 

- (280) (7560) cal /day 

•» 2.12 X 10® cal/day 

To estimate the second term of Eq (4) the carbon balance is used with 
Table 3-VII to estimate the moles of products and inerts leaving the reactor: 
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^ ft tin C In _ m — ^ 

*CW 801^22*"^ 5T“ 

ao1 out 

Using tn tverage Cp of 8 ca1/gHDo1*C, the second term Is: 

toep)^ MKCp),](T^,-T,„) . (New) fp (WT,„) 


• (96.4) g-ino1 8 cal 

day * g-mol *C 


/550- 

't: 


)*c 


* 0.20 X 10® cal /day 


The third term of Eq (4) Is estimated using a value of 2,030 cal/g-solids 
as the heat of combustion, vfhich is typical of the lower heating value of 
a municipal solid waste. 


AH 


combustion 


-2.030 


cal 4Q, « g-solids 
g-solids day 


= -1.00 X 10 


,6 cal 
day 


Thus, 

^net * cal/dey 

Vt ' cal/day « 62.9 watt 

Since the input heat was measured as 380 watt, the reactor losses are: 

«)o„ • "input - Inet ' (380 - 62.9) «tt 
"loss ' 
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The heat rejected to the environment Is the sum of the reactor losses 
plus the heat rejected In cooling the products back to ambient: 

^rejected “ ^oss(reactor) * ^cooling (products) 

*^cool1ng(products) ' ^“550° ’ 

«coo1ir,g(p™ducts) ' * •«> » 

= 2.32 X 10® cal/day 

= 112 watt 


Therefore , 

Irejected = * 112 = 429 «tt 

The “as-tested'' system, described above, was designed to process signif- 
icantly larger quantities of waste than that used in the contractor's 100-hr 
test. In particular, the system was designed to process the in^/ucs listed 
in Table 3-IX, which is the contractor's design objective (CDO). Since 
the material and energy balances of the "as-tested" system were to be 
used as a basis for scale-up to the standardized input model, the Study 
Group concluded that the Lockheed system would be unduly penalized if scale- 
up were to be based on the "as- tested" inputs. Therefore, the Study Group 
decided to give Lockheed the benefit of the uncertainty by assuming that 
the Lockheed system, as built, would adequately handle the CDO input model 
as given in Table 3-IX. Simultaneously, the Study Group recomnends that 
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TABLE 3- IX 


Input Quantities for Lockheed Wet Oxidation System, CP0-Bast«r 

( Basis: 1 day ) 



Total 

HgO 

Total 

Solids 

C 

N 

0 

H 

S 

F 

Ash 

Urine 

7,257.6 

6.974.2 

283.1 

51.8 

62.0 

48.7 

11.5 

1.0 

- 

108.2 

Feces 

793.8 

585.1 

208.7 

141.4 

8.3 

24.6 

24.6 

0.6 

- 

9.4 

Trash 

1,632.0 

- 

1,632.0 

977.4 

- 

475.8 

144.6 

- 

34.2 

- 

Wet Food 

362.0 

241.3 

120.7 

54.0 

5.0 

36.0 

6.8 

- 

- 

19.0 

Flush Mater 

7,560.0 

7,560.0 

- 

- 



- 

- 

- 

- 

Oxygen 






5,020.4 






17,605.4 

15,360.5 

2,244.5 

1,224.6 

75.3 

5,605.5 

187.5 

1.6 

34.2 

136.6 
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the Lockheed system be tested with the CDO Input model to verify this 
issunptlon. Furthermore, In subsequent testing of the Lockheed system. It Is 
recooptended that the analytical effort be expanded substantially. 
Specifically, frequent sampling and more detailed analyses of all Inputs, 
off>gases, and product water should be Instituted. More attention should 
be paid to closing the elemental material balances (e.g., the ash should 
be analyzed for carbon content). 

The hypothetical CDO system Is shown In Figure 3-3. The as-tested 
system Included only a slurry supply system, the reactor, and a dry boiler. 
Other elements that are required to form a complete continuous system for 
space-cabin application are Included In Fig. 3-3 as blocks enclosed In 
dashed lines. 

Some elenents have been separately tested. These Include the trash 
grinder, slurry holding tanks (and punps), and the vapor compression still. 
These elements are assumed to be sufficiently developed for Inclusion In 
a functional continuous wet oxidation system. 

However, the elements shown as "condenser" and "catalytic oxidation" 
have not been sufficiently developed to permit their application to the 
system, and they are hypothetical elements of the system. 

The reactor discharges a hot, high-pressure mixture which should be 
used to provide preheat to the Input stream. However, a heat exchanger 
for this purpose has not been developed. Such an exchanger would logically 
serve for blowdown and condensation of the reactor effluent, and therefore 
It Is called the "condenser" In the iiypothetical Contractor Design Objective 
(CDO) system postulated by the Study Group (In order to establish material 
and energy balance for the wet-ox process). 
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TRASH URINE 

MATER FECES 



Figure 3-3. 

MET OXIDATION SYSTEM. COO BASIS 

J THE ACTUAL 100-HR TEST, THE EFFLUENT FROM THE REACTOR 
MAS FLASHED TO THE ATMOSPHERE, AND THE LIQUID RESIDUE MAS 
SENT TO THE DRY BOILER. 


' CATALYTIC 
! OXIDATION 


GAS RETURN 
• TO CABIN 
ATMOSPHERE 


I 


VAPOR 



ASH 


THE VAPOR COMPRESSION DISTILLATION SYSTEM »1AS NEVER BEEN 
COUPLED DIRECTLY TO THE i<ET OXIDATION SYSTEM. 


ROTAGLE 
’ MATER 
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The contractor envisioned that trash, food Mstes. and flush water 
«f 0 u 1 d be supplied to the wet oxidation systen In actual use. In addition 
to hunan wastes. The trash aodel Is shown In Table 3>IX. The wet food 
aaounts to 362 1b per day. an<? flush water Is 2 gallons (7560 cc) per day. 

When these Inputs are Included, the CDO system Is obtained as shown 
In Table 3-IX. The oxygen required for co»abustij«; of this mixture is 
calculated on the basis of a 20S excess of O 2 abov« the theoretical 
requirement. Including the oxidation of NK^ to II 2 * 

When this mixture Is subjected to oxidation, the theoretical exit 
gas analysis (measured at 70**F) is 



75. PS 


19.5 


2.6 

*2 

2.0 


100.0J 


Other gases are assumed to make an insignificant contribution. Sulfur 
is assumed to be oxidized to sulfate ion. 

The Increase in inputs In the CDO case, with respect to the as-tested 
case, results In a reduction of the residence time to 32 minutes (based 
on combined liquid and gas throughput, and assuming that the phases are 
perfectly mixed, taking no credit for gas solubility). This is believed 
to be approximately the minimum necessary for satisfactory elimination of 
organic material in a wet oxidation process. 

An estimate of the heating requirements for the hypothetical CDO 
system was made by following the same procedure used in the "as-tested" 
case, above. The results are as follows: 
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» 280 X 15.360.S ♦ 356.85 x 8 x (550-77)/1 .8 

• 2.030 X 2.244.5 cal/day 

• (4.30 ♦ .75 - 4.56) x 10® cal/day 

or « 0.49 X 10® cal/day • 490 kcal/day 

Assuning the Input can be reduced to 200 Matt by nlnlnizlng heat 
losses fron the reaction. 

Q^nput • ^*^28 kcal/day 

Q^oss • kcal/day 

«coo11n8(pro<lucU) * «-30 ♦ .«) » Io‘ • 5.05 , 10«c»l /day 

'5cooMn9(pro<k.cts) ' 5.0«> ‘“'/day 

^rejected » 3,640 ♦ 5,050 * 8.690 kcal/day 

The analysis reported above makes clear that more data are required 
in order to permit confident estimates of the performance of the wet 
oxidation system under space flight conditions. 

In particular, the lack of adequate regulation of oxygen input is 
an omission that needs attention. The metering of a gas at constant 
rate, at a high pressure, subject to fluctuations in back pressure, is 
obviously a difficult procedure that may require equipment of special 
design. Nevertheless, accurate metering is essential to assure that 
(a) sufficient oxygen is provided and (b) that the system is not flooded 
with gas to the detriment of oxidizing contact time in the reactor. 
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It Is clear free ana'tysis of the COO systen that the addition of 
trash, wet food, and flush water to the "es^tested* systen drastically 
changes the denands upon the reactor. For exaae>1e. the total input Is 
epproxiMtely doubled, and the carbon Input Is raised nore than six-fold. 
The effect of these alterations In the "as-tested* systen cannot be 
predicted, and can only be resolved by further tests. 
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4. BTRArOUTKNI TO 4 8T4NDABDIZBD MODEL 


4.1 Basis for the Sfndrdl»ed Input Mpdel : 

A miii>er of different voter and fieste Input aodels hove been need bp 
eerloos NASA cootrectors over the peers. The aodels ere periodlcellp revised 
es ne« dots becoae eveileble froa asnned chaaber tests, aenned space alssions, 
aod advanced alsslon planning activities. A siaaarp of the aodels aost perti> 
nent to this study are shown in Table 4>I. The last coloan rf Table 4-1 is the 
aodel that was selected for this study. A coapositional breakdown for this 
aodel is given in Table 4-11. The rationale for the selection of this particniar 
aodel is discussed in the following paragraphs. In general, the values selected 
represented the best existing data and the latest NASA thinking at the tine 
they were chosen. 

7RIHE : The total aaount of urine was based on the Lockheed aodel (see Reference 

4.1) which reflected the latest JSC thinking at the tise of this study. The 
solids concent of urine was based on 90-Day Test data (see Reference 4.2) which 
is the best data available. The coaposition of urine solids (C,N,0,H,S ,ash) was 
obtained frca Reference 4.3 which was based on original experiaental work as 
well as literature surveys. The compositional breakdown for urine is shown 
in Table 4-III. 

FECES : The total amount of feces was based on the Lockheed model (see Reference 

4.1) which reflected the latest JSC thinking at the time of this study. The 
solids content of feces was based on 90-Day Test data (see Reference 4.2). 

The composition of fecal solids was based on CARD estimates Chat were developed 
from References 4.4 and 4 5. 

WASH WATER : The amount of wash water and wash water solids was obtained from 

Reference 4.6. This study used 90-Day Test data as well as a theoretical 
analysis to predict the values shown. A siodel of the compositional breakdown 
Is shown in Table 4-IV. 
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Table 4-1. Summary of Water and Waate Modela Pertinent to thie Study (Baaie: 6-nan Craw) 


CARD 

LOCKHEED 

SSP 90-Day Teat Data M80 

Ib/day g/day 

Ib/day g/day 

Ib/dAy g/day Ib/day g/day Ib/aay g/day 


Water In Urine 



? 

? 

19.86 

9008 

18.78 

8519 

20.83 

9459 

Solids in Urine 

0.9921 

450 

? 

7 

0.78 

354 

0.8466 


0.8446 

; 384 

Urine 

0.9921 

450 

21.7 

9843 

20.64 

9362 

19.627 

8903 

21. 7 

9843 

Water in Feces 

1.488 

657 

? 

? 

1.20 

544 

0.876 

397 

1.253 

568 

Solids in Feces 

0.496 

225 

? 

7 

0.42 

190 

0.447 

203 

0.447 

203 

Feces 

1.984 

900 

1.7 

771 

1.62 

734 

1.323 

600 

1.7 

771 

Water in Wash Water 









221.8 

100597 

Solids in Wash Water 









0.2258 

102 

Wash Water 









222 

100699 

Metabolic Water In 











Humidity Condensate 





24.12 

10941 

17.58 

7974 

Assune 

Processed 

Non-Metabollc Water in 









by Multl-Flltratlon 

Humidity Condensate 





10.78 

4890 

30 

13608 



Solida in Humidity Condensate 






nil 

nil 



Humidity Condensate 





34.90 

15831 

47.58 

21582 



Water In Solid Wastes 



-0- 

-0- 

7 

? 

0.29 

132 

-0- 

-0- 

Solid Wastes (dry) 

0.1 


_ 1 l 6 _ 

mi.. 

7 

7 

AuZS. 

.. 1^,99 

-iLi. 


Solid Wastes 

0.1 

45 

3.6 

1633 

2.053 

931 

3.57 

1620 

3.6 

1633 

Trash Grinder Water 



18.40 

8346 





18.4 

8346 

Urinal Flush Water (male) 



33.4 

15150 

12.00 

5443 





Urinal Flush Water (male-female) 




24.00 

10886 



24.0 

10886 

Anal Wash Water 









6.81 

3089 

Food Wastes (dry) 



? 

7 





0.27 

121 

Water in Food Wastes 



? 

7 





0.53 

242 

Wet Food Wastes 



0.80 

363 





0.80 

363 
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Table 4-II. Water and Waste Input Model 6~man Crew 

grama per day 


Item 

Total 

Input 

H 2 O 

Total 

Solid 

c 

N 

0 

H 

S 

P 

Inorunle Aah 

Urine 

98A3.1 

94^.<.l 

384.0 

70.22 

84.12 

66.08 

15.59 

1.38 


146.61 

Urinal Flush 

10886.4 

10886.4 









Feces 

771.1 

568.4 

202.7 

137 29 

8.11 

23.78 

23.78 

.56 


9.18 

Toilet Tissue 

30.0 


30.0 

13.32 


14.82 

1.86 




Anal Wash 

3089.0 

3089.0 









Wash Water 

100699.2 

100596.8 

102.4 

40.55 

3.40 

24,78 

5.94 



27.65 

Wet Food 

362.9 

241.9 

121.0 

54.1 

5.0 

36.1 

6.8 



19.0 

Trash 

1633.0 


1633.0 

978.4 


475.8 

144.6 


34,2 


Trash Grinder Water 

8346.2 

8346.2 









TOTALS; 

135660.9 

133187.8 

2473.1 

1293.88 

100.71 

641 . 36 

198.57 

1.94 

34.2 

202.44 



Table 4-III. Composition of Urine Solids (Reference 4.3} 


Urine Solids 

Total 

C 

N 

grams per 
0 

man-day 

H 

S 

Inorganic Ash 

Inorganic Salts 

24.45 

-0- 

-0- 

-0- 

-0- 

-0- 

24.45 

Urea 

23.14 

4.63 

10.80 

6.17 

1.54 

-0- 

-0- 

Organic Compounds 

9.27 

4.26 

2.09 

2.13 

0.60 

0.23 

-0- 

Organic Ammonium Salts 

7.13 

2.82 

1.14 

2.72 

0.46 

-0- 

-0- 

TOTAL SOLIDS 

64.00 

11.71 

14.03 

11.02 

2.60 

0.23 

24.45 
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Table 4-IV. Composition of Wash Water Solids (Reference 4.6) 


Wash Water Solids 

Total 

c 

- grams 
N 

per man-day - 
0 H 

Inorsanlc Ash 

Soluble Constituents: 
Lactic Acid, 
CHjCHOH-CO^H 

1.54 

0.62 

-0- 

0.82 

0.10 

-0- 

Urea, (NH 2 ) 2 CO 

0.90 

0.18 

0.42 

0.24 

0.06 

-0- 

Glucose, 

C^H20^(C0CH3)5 

0.13 

0.06 

-0- 

0.06 

0.01 

-0- 

Other organics 
(assume urea) 

0.34 

0.07 

0.16 

0.09 

0.02 

-0- 

Soap, 

^12«25-^6«4*SV* 

5.17 

3.20 

-0- 

-0- 

0.43 

1.54 

Inorganics 
(Na+, Cl’) 

3.07 

-0- 

-0- 

-0- 

-0- 

3.07 

Insoluble Constituents: 
Assume cellulose, 

VioS 

5.92 

2.63 

-0- 

2.92 

0.37 

-0- 

TOTAL SOLIDS: 

17.07 

6.76 

0.58 

4.13 

0.99 

4.61 



HUMIDITY COMPENSATE : It «ms M»inKd that all humidity eondenaate would be 

processed by a multifiltration system and recycled as drinking water. There* 
fore the waste management system would have no input from tiie luanidlty con- 
densate loop. 

SOLID WASTES ; The solid %iaste figures were taken from the Lockheed siodel 
(see Reference 4.1 and Table 4-V). This model represented NASA's latest 
thinking at the time of this study. 

URINAL FLUSH WATER : The amount of urinal flush water was based on the SSP 

male/female commode design (see Reference 4.7). 

ANAL WASH WATER : The amount of anal wash water was taken frcmi the General 

Electric Wet John (see Reference 4.8). 

WET FOOD WASTES : The amount of Wet Food Wastes was taken from the Lockheed 

model (see Reference 4.1). Wet food solids were assumed to have a formula 
C2 KjO with 15.8% ash. 

SUMMARY : An elemental breakdown of the waste solids (solid wastes on a dry 

basis) that was used in this study is presented in Table 4-VI. For convenience, 
a normalized version of the same breakdown is presented in Table 4-VIl. 
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Ttble 4-V. CoDposltloQ of Trash Model 



Total Input 

trans 

C 

per day 
H 

• alx>man 

0 

crew 

F 

Hflar 

136.0 

75.9 

9.5 

50.6 

- 

Teflon 

45.0 

10.8 

- 

- 

34.2 

Polyethylene 

408.0 

340.0 

68.0 

- 

- 

Polystyrene 

182.0 

168.0 

14.0 

- 

- 

Cellulosics 
Cause 45.0 
Cotton 362.0 
Paper 454 0 

861.0 

382.7 

53.1 

425.2 


TOTALS: 

1632.0 

977.4 

144.6 

475.8 

34.2 
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Table 4-VI. Summary of Elemental Composition of Waste Solids ''Standardized Model" 



Total Solids 

C 

grams 

N 

per day 
0 

- a lx -man 
H 

crew 

S 

F 

Inorftanlc Ash 

Urine 

38^:. 0 

70.2? 

84.12 

66.08 

15.59 

1.38 

-0- 

146.61 

Feces 

202.7 

137.29 

8.11 

23.78 

23.78 

0.56 

-0- 

9.18 

Wasli Water 

102.4 

40.55 

3.48 

24.78 

5.94 

-0- 

-0- 

27.65 

Food 

121.0 

54.1 

5.0 

36.1 

6.8 

-0- 

-0- 

19.0 

Trash 

1633.0 

978.4 

-0- 

475.8 

144.6 

-0- 

34.2 

-0- 

Toilet Tissue 

30.0 

13.32 

-0- 

14.82 

1.86 

-0- 

-0- 

-0- 

TOTAL: 

2473.1 

1293.88 

100.71 

641.' 

198.57 

1.94 

34.2 

202.44 
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Table A-VII, Normalized Elemental Breakdown of Waste Solids for "Standardized Model" 



Total Solids 

c 

grains per day - 
N 0 

six-man 

H 

crew 

S 

F 

Inorsanlc Aah 

Urine 

1.0 

0.1830 

0.2192 

0.1722 

0.0406 

0.0036 

- 0 - 

0.3820 

Feces 

1.0 

0.6773 

0.0400 

0.1173 

0.1173 

0.0028 

- 0 - 

0.0453 

Wash Water 

1.0 

0.3960 

0.0400 

0.2419 

0.0580 

- 0 - 

- 0 - 

0.2701 

Food 

1 0 

0.4471 

0.0413 

0.2983 

0.0562 

- 0 - 

- 0 - 

0.1570 

Trash 

1.0 

0.5989 

- 0 - 

0.2915 

0.0886 

- 0 - 

0.0210 

- 0 - 

Toilet Tissue 

1.0 

0.4440 

- 0 - 

0.4940 

0.0620 

- 0 - 

- 0 - 

- 0 - 



4,2 tetioMle for Sfnd»rdl»ed Flow Sheets ; 

GE : Die CE tysten cones the closest of eny of the systems to beiog able to 

directly process ell of the waste streams and was designed for this purpose.. 
However, for the purpose of this study a reverse osmosis unit was added in 
the standardised flowsheet to preprocess wash water. Wash water concentrate 
was fed to the GE system because this results in lower overall penalty for the 
rather large amount of wash water Involved. Although the amount of total warh 
water in the standardized model is an order of magnitude more than that in 
the original GE specification, the amount of wash tmter concentrate Is less 
than that in the original GE specification. 

LOCKHEED : A reverse osmosis unit was added to the Lockheed Wet-Ox System 

to preprocess wash water for the same reasons it was added to the GE system. 

In addition, a vapor cos^resslon distillation unit was added to remove potable 
water from the Wet-Ox effluent. Vapor compression distillation is considered 
to be the lowe.«t penalty process for this purpose. Wet-Ox removes oiganlc 
materidl but not the Inorganic constitutents, therefore further processing is 
requirc»d. In addition to the added RO and VC units, a dryer was also added 
to recover water from the VC concentrate effluent and produce a dry ash. This 
was necessary in order to make the Lockheed Wet-Ox system equivalent tc the GE 
and CARD systems. 

CARD : A reverse osmosis unit was added to the CARD incineration system to 

process wash water for the same reasons it was added to Lockheed and GE. 

In addition, a vapor compression distillation unit was added ahead of the 
CARD incinerator unit to further concentrate effluent from the RO unit and 
to process urine and trash grinder water This arrangement was chosen because 
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it r*«ult8 in the lowest overall penalty for the GAKD systen. For tiie sasie 
reason a liquid-solid separator was added to the trash grinder ao that trash 
grinder water could be concentrated In the VC prior to belqg Introduced to the 
GhRD ioclnerator. 
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4.3 CAED Standrdifd Masi Balance; 


loe CARD •tADdcrdised flow-sbMt is •hewn in Figure 4>1. The retiooele 
for the flov'Sheet «•• presented In Sectlem 4.2. The basic Input ealues were 
obtained froa the Standardised Hater and Haste Hodel shown In Table 4-II. A 
•UBoary ness balance on each of the cooponents in the flow*sheet Is given 
in Table 4-TIIl . Calculation of the total oxygen required In the Incinerator 
and catalytic burner Is presented In Table 4-IX. Froa Figure 4-1 It can be 
seen tl;at the total output water from the CARD incinerator unit mounts to 

7805.8 grass. Of this, 120 grass exit as water vapor with the gases and 

7685.8 grass are condensed. It is assiased that this condensed water Is pure 
enough to be used as wash water makeup or trash grinder water so that it does 
not have to be reprocessed. 

The amount of gas required for bearing coolant flow Is not shown in 
Figure 4-1. Carbon Dioxide was used by CARD, but nitrogen would be a better 
choice for t space mission. It is estimated that the amount of nitrogen 
required would be less than that required for make-up of cabin leakage. There- 
fore, since could be bled through the CARD bearing and seal with a very low 
penalty, this was not considered to have a significant role In the flow-sheet 
or mass balance. 

In addition to the flows shown in Figure 4-1, there are 22082.7 grams of 
air required for the urinal and 32546.2 grams of air for the coomiode. These 
flews are coomon to CARD, Locklieed and GE. 

Scale-up Criteria : 

A comparison of the inputs of the "as tested" GAKD incinerator unit 
to the "standardized" unit is shown in Table 4-X. The "as tested" values 
for solids input (278 g/da>) are 20 percent smaller tnau the mass-balance Input 
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Figure A-i. CARD Standardized Flew Sheet (6*Haa Crew - Grams per Day). 
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TabU 4-Vin. CARD Maia Balinct; Standardlitd and Aa-Taitad flom flhMta* 
(6-man Craw - Grama par Day) 



TOTAL 

H20 _ 

SOLIDS 

c 

W - 

0 

Ji 

9 

-L- 

JUL 

Ro nmrt 

1006SS.2 

100596,8 

102.4 

40.55 

3.48 

24.78 

5.94 

-0- 

-0- 

37.85 

RO OUTPUT 

Watar to ttaah grlndar 
Raclalmad wash watat 
Uaah wacar coneantrata to VC 
unit 

834«.2 

87130.6 

itnh 

8366.2 

87130.6 

_ 5120, 

-0- 

-0- 

-0- 

-0- 

40.55 

-0- 

-0- 

-H! 

-O- 

-0- 

2iJl 

-0- 

-0- 

-fS 

•0- 

-0- 

•0- 

-0- 

•0- 

-0- 

27.81 

2^65 

Standardlaad: 
At -Taatad: 

100699.2 
NOT TRSTBD 

100596.8 

102.6 

40.55 

24.78 

-0- 

-0- 

TRASH GRINDER INPUT 
ifatar from RO unit 
Traah 

8346.2 

1633.0 

8366.2 

'O' 

-0- 

1633, (L_ 

•0* 

-0- 

•0- 

mJL 

475. i 

•0* 

-o- 

•0- 

JH- 

•0- 

Standardlaad! 
Aa -Taatad: 

99/9.2 
NOT TESTED 

8346,2 

1633,0 

976.6 

-0- 

144.6 

"To^ 

-0- 

TRASH GRINDER OUTPUT 

Ground traah to Inclnarator 
Water to VC unit 

3266.0 

6713.1 

1633.0 
_ 6713.1 _ 

1633.0 
. -0- 

978.6 

-0- 

475.8 

-9- 

144 6 

•0- 

34.2 

"P"- 

.0* 

Standardlaad: 
Aa -Taatad: 

9979.2 
NCrr TESTED 

8346.2 

1633.0 

978^6 

lo- 

475.8 

-0- 

34.2 



VAPOR C0MPRES3I0W UmT IHPV T 


Waah watar coneantrata 

5222.4 

3120.0 

102.4 

40.55 

3.40 

24.78 

5.94 

-0- 

-0- 27.81 

Traah grlndar watar 

6713.2 

6713.2 

-0- 

-0- 

-0- 

*0* 

■ Qm 

-0- 

■Q« 

Urlna 

9863.1 

9459.1 

384.0 

70.22 

84.12 

66.08 

15.59 

1.38 

•O' 166.61 

Urinal flush watar 

10886.6 

10886.4 

-P-T 

ii^ 

57®ts 

?5®t7 




Standardlaad: 

32665.1 

32178. 7 

486.^ 

Aa -Taatad: 

NOT TESTED 









VAPOR COMPRESSION UNIT OUTPUT 










Fotflbla watar 

30887.8 

30887.8 

-0- 

-0- 

-0- 

•0- 

-0- 

-0- 

.0* -O- 

Vacuum gaaea 

R04.5 

804.5 

-0- 

0- 

-0- 

-0- 

-0- 

-0- 


Coneantrata 

972.0 

486.4 

486.4 

),ULZI 

U0./7 

87.60 

90.88 

21.13 

nTli 

-HI 

*0* m.28 
-o- mTK 

Standardlaad: 

32665.1 

32178.7 

486.4 

87.60 

90.86 

As -Tea tad: 

NOT TESTED 










(cent *mtad) 
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4«Vin. OARI> B«Unc«: Stcndirdtsad and Aa->Ta«tfd Flow ShMti. (contimitd) 

(6-man Craw - Crama par t’ay) 


QAPfc Inciii Tator Input 

VC concantrata-Standardiaad: 
Aa-Taatadi 

Ground Traah - Standardlaadi 
Aa-Taatad: 

Facta - Standardlatd: 

Aa-Taatad: 

Toiltt Tltaut* Standardlaad: 
At -Taatad: 


Anal Waah 


Wat Food 


Sub -Total 


Onyfn 


- Standardlaad: 
Aa-Taatad: 

- Standardiaad; 
Aa-Tattadi 

- Standardiaad: 
Aa-Taatad: 
Ratio: 

- Standardiaad: 
Aa-Taatad: 
Ratio: 

- Standardiaad: 

- Aa-Taatad; 


R^O (oaldatioo 
product) 


3266.0 

. 0 - 


3009.0 

• 0 - 


8491. e 
1070.0 
7,94 

5281. 7A 
445 
11.87 

13773.5 


1633.0 

- 0 - 


3089,0 

- 0 - 


6018.7 
722.5 
8 , S'* 


6018.7 


1633.0 

- 0 - 


2473.1 

347.5 

7.12 


2473.1 


c 

N 

0 

w 

110.77 

87.60 

90.86 

21.53 

41.14 

49.29 

38,72 

9.14 

978.4 

-0- 

473.8 

144,6 

-0- 

-0- 

-0- 

-0- 

137.29 

8.11 

23.78 

23.78 

76.20 

4.50 

13.20 

13.20 

13.32 

-0- 

14.82 

1.86 

4 .44 

-0- 

4.94 

.62 

-0- 

*.0* 

-0- 

-0- 

-0- 

-0- 

-0- 

-0- 


1.94 34.2 
l.ll -0- 
1.75 a« 


54.1 5.0 36,1 6.8 -0- -0- 

-0- -:±L. *0- .JL. -iSL. 

1293.88 100.71 641.36 198.37 1.94 34.2 

121.78 33.79 34.86 22.96 1.11 >0- 

10.62 1.87 11.28 8.43 1.73 •• 

-0> -0* 3281,7 ‘O* -0- -0* 

-0- -O- 443 -0- -0- -0- 

-0- -0- 11.87 -0-_ -0» _-0- 

1293.88 100.71 3923.06 198.37 1.94 34.2 


O 2 axcaaa 


4744.2 

-0- 

-0- 

1293.9 

-0- 

3450.3 

-0- 

-0- 

-0- 

1787.1 

-0- 

-0- 

-0- 

-0- 

1388. 3 

198.6 

-0- 

-0- 

100.71 

-0- 

-0- 

-0- 

100,71 

-0- 

-0- 

-0- 

-0- 

5.8 

-0- 

5.8 

-0- 

-0- 

3.87 

-0- 

1.93 

-0- 

34.2 

-0- 

-0- 

-0- 

-0- 

-0- 

-0- 

.« 0- 

34.2 

202.44 

-0- 

202.44 

-0- 

-0- 

-0- 

-0- 

-0- 

-0- 

6018.7 

6018.7 

-0- 

-0- 

-0- 

-0- 

•0- 

-0- 

-0- 

880.3 

-0- 

-0- 

-0- 

-0- 

880.3 

-0- 

-0- 

-0- 

l3773!s 

6018.7 

208,2 

1293.9 

Too^i 

5922.97 in A 

1.94 

44. i ^ 


♦ loctiTdaa 20% Mcaaa O 2 (i.a., 4401,4 + 880.3 • 5281,7). Saa Tabla 4-lX for calculation of O 2 raquirad< 
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Ic’ble 

A -IX. 

Calculation of O 2 

Required 

for 

the CARD Incinerator 


Assumptions 
Pertaining to 
Oxidation of Solids 


Solids 

C. N. 0. S or F 



O 2 Required 

Output 

Product 

C + Og ♦ CO 2 


1293.88 C 

12 

m 

3450,3 * 32 " 

4744,2 CO 2 

2H + % O 2 ♦ HjO 


198.57 H 

2 

m 

1588,6 if " 

1787.1 B^O 

2N ♦ «2 


100.71 N 



0 

100,71 Rj 

s + 2 O 2 so^ 


1.9A S 

X ^ 

32 

m 

3.9 • 

5.8 80“ 

F ♦ P 


3A.2 F 



0 

34.2 P 

20 C ♦ CO 2 


641.36 0 



-641.36 

m 

Inorganic Ash 


202.44 Ash 



0 

202.44 ?ah 

TOTAL: 

2473.1 



4401.44 

6874.45 



Stble 4-X. Sianary Coopartsoa of Hater end Haste Inputs . and 

Scale-up Ratios, for ’’Standard feed" nod "As^tested" 
GARD S]TSten Models. 


Input Category 

'Standardised’’ Model 
(Rxaais/day) 

”As>tesced" Model 
(grOBs/day) 

8cale>up 

Ratio 


4,398 

445 

9.9 


? 

520 


Purge Air 

7 

840 


Urinal Air 

22,083 

? 


Hater 

6,018 

723 

8.3 

Solids: 

C 

1,293 

97.4 

13.3 

N 

101 

43.0 

2.3 

0 

641 

45.5 

14.1 

H 

199 

18.4 

10.8 

S 

2 

.9 

2.2 

F 

34 

-0- 


Ash 

202 

72.8 

2.8 

TOTAL SOLIDS: 2,472 

278.0 

8.9 

TOTAL SOLIDS 

+ HATER : 8,490 

1,001 

8.5 
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figures (347.5 g/dey) •hown in Ttble 4>VIII. The reesons for this reduction 
have been discussed earlier In this report. 


The scale-up factors that were selected by the Study Croup for the G4BD 
aystSD were based aslnly on the ratios shown In Table 4-Z. The ntionale for 
the selection of these factors was as follows: 

Height Scale-up Factor » 4 x the "as tested" oodel weight 
Rationale: "As tested" model was tested % full; 

standardized Input is roughly 8 x the 
"as tested" ii^ut 

Scale-up * % X 8 » 4 

Paddle Power Scale-up Factor * 8 x "as tested" model power 

Rationale: Standardized input is roughly 8 x "as tested" input 

Heat Input Scale-up Factor - 8.5 x "as tested" model 

Rationale: Assume in same proportion as total solids + 

water which is 8.5 

Heat of Coohustion Scale-up Factor - 12.5 x "as tested" model 
Rationale: Weighted average of carbon ratio 

(13 3) and hydrogen ratio (10.8) 

A sunmary of the scaled-up values for heat and power is presented in 
Table 4 -XI. 
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Table 4-XI. Summary of Heat Rejection Requirement Scale- 
up Values for CARD Standardl/.ed System. 


Heat Rejection 
Reaulrement Source 

As-tested 
Reamt. (w-hr) 

Sea J e -up 
Factor 

Standardized 
Reqmt. (w-hr) 

Standardized Time 
of Operation (hr) 

Standerdl zed 
Power (wetta) 

A. Electric Power Inputs 






Catalytic Burner 

714 

8.5 

6,069 

8.0 

759 

Incinerator 

2,770 

8.5 

23,545 

6.3 

3,737 

Blowers, paddles 

3,750 

8 

30,000 

8.0 

hm 




Total Electric 

Power Input to be Rejected 8,246 

B. Heat of Combustion 

820 

12.5 

10,250 

6.3 

1,627 




Total Heat to be Rejected 

9,873 


4.4 GE Standardlted Model ; 

A schematic of the process incorporating the GE BIIE system Is shown 
in Figure 4*2. The rationale for the auxiliary components Is presented in 
Section 4.2 The basic input values are those of the standardized water and 
waste model, as shown in Table 4-II. A sunmary mass balance on each of the 
components in the flowsheet is given in Table 4-XII; where appropriate, the 
as-tested values are also given, together with the scale-up ratios of 
standardized to as-tested values. 

In addition to the streams shown in Figure 4-2, there are 22082.7 g 
of air required for the urinal and 32546.2 g of air for the connode. These 
flows are concon to GAKD, GE, and Lockheed, as discussed in Section 4.3. 
Scale-up Criteria : 

The scale-up factors for the GE system were based on the standardized 
to as-tested ratios, as given in Table 4-Xll. The rationale for the selection 
of these factors is as follows. 

Weight and Power Scale-up Factor = 2 x the "as-tested" model values; 
Rationale: Total water input scale-up = 1.43 

Total solids input scale-up = 2.57 
Using a weighted average of these give a 
Scale-up of %(l-43 + 2.57) = 2.0. 

Heat Input Scale-up Factor (HTHL and LTHL)* = 1.5 x "as-tested" model 
Rationale: Assume to be in proportion to water input; 

Total water input scale-up <= 1.43 

Heat of Combustion Scale-up Factor * 10250 W-hr; 

Rationale: Total heat liberated is the same for all three 

systems in the standardized case. See CARD estimate 
(Section 4.3), 

*HTHL: High- temperature heat loop; 

LTHL: Low- temperature heat loop. 
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Wash Water 


H20-100596.8 

SoUds>102.4 


Peverse 

Osmosis 



Trash Grinder 

Water 

H 0«8346.2 
Solids^ 0 


Trash 

H 0= 0 

Trash Solics^l633.0 
Grinder " 


Wash Water 
Concentrate 
H.0=5120.0 
Solids* 102.4 


Heclaimed Wash 

Water 

H,0*87130.6 

S3llds«0 


Ground Trash 
H 0=8346.2 
Solids*1633.0 


Feces 

HjO -568.4 
Solids*202.7 


i 

L._ 

Urine 

HjO -9459.1 
Solids- 384.0 

G.E. 

RITE 





Anal Wash 

Urinal Flush 

System I 

B^O -3089.0 

H 2 O -10886.4 



Solids- 0 

1 of* c otio 

Solids* 0 

c oc 



xoi. xxo sue 

^0 - 0 

O 2 • 5277. 6 



Solids-30.0 

N 2 - 70.9 


1 


Wet Food 
HjO -241.9 


Solids-121.0 


Potable Water 
H_0=39, 498.1 
Solids* 0 

Gases 


N « 171.6 
0,= 876.1 
00,-4744.2 
F= 34.2 


Aeh 

»Ash=202.4 


SO, 


5.8 


Figure 4-2. G.E. RITE Standardized Flow Sheet 
(6-Man Crew - Grams per Day) 
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Table 4*X1Z. G. B. Rita Maaa Balance: Standardised and As-teated Flow Shaati 

(6 Man Crew - Grama per Day) 




100S96.8 

SoU<>l_ 

c 

N 

0 

H 

8 

f 


R. 0. Input 
Uaah water^ 

100699.2 

102.4 

40.55 

3.46 

24.78 

5.94 

0 

0 

2/.M 

R. 0. Output 

Water to traah frlnder*^ 

6346.2 

8346.2 

Q 















**** • 

Raelaimad waah vatar^ 

87130.6 

87130.6 

A 








U 








Coim:. to evaporator^ 

5222.4 

5120.0 

102.4 

40^55 

3.48 

24f78 

5.94 


m 


100699.2 

100596.8 

102.4 

40.55 

3,46 

24.78 

5.94 

0 

0 

2/.89 


Traah Grinder Input 


Water from R. 0.^ 8346,2 

Traah 1633.0 

8346.2 

0 

A 








1633.0 

978.4 


475.8 

144.6 


34.2 

rnmmmm 

9979.2 

8346.2 

1633.0 

978.4 

0 

475,6 

144.8 

0 

34.2 

0 

Traah Grinder Output: See Evaporator 

Input 










Beaporator Inmita 

U. 0. Coac> Ctca aad waah) 

Staodardlaad 5222.4 5120.0 102.4 40.55 3.46 24.76 5.94 

Aa te-ted 13441.7 . 13387.3 54.4 34.47 19.96 

Cr owed Traah 

Standardised 9979.2 8346.2 1633.0 9/8.4 475.6 144.6 

Aa taated 2721.5 2177.2 544.3 466.52 yy^yS 

« continued • 


67.69 


34.2 


Table 4«XII (Continued) 


Item 

TPt.L 


Solid. 

Beaporator Inputa Icont'd) 


2 


Vat Food 




Staadardiaed 

362.9 

241.9 

121.0 





Vm.. 6 Ami Nttb 




Standard iaed 

3860.1 

3637.4 

202.7 

Aa*taated 

2723.5 

2587.4 

136.1 


£ E 


54.10 5,00 


137.29 8.11 

92.17 5.44 


36.10 6.80 


If.Pt 


23.7B 23.7t 0.5« — — f«U 

15.96 15.96 0.37 «.M 


ypilet Tleette 
Bteaderdispd 
H As-teeted 

h 

trim A Oriael Flueh 
Sneaderdleed 
Ae-teeted 


30,00 


30.00 13.32 


20729.5 .20345.5 384.0 70.22 84.12 

8510.3 8282.3 228.0 41.68 49.95 


14.82 1.86 


66*08 15.59 1.38 

39.22 9.26 0.83 


t7.M 


I 


Tofl 


Staadardiaed 

40184.1 

37711.0 

2473.1 

1293.88 

100.71 

641.56 

198.57 

1.98 

34.S 

108.41 

Aa-taated 

27397.0 

26434.2 

962.8 

634.84 

55.39 

75.14 

103.00 

i.to 

0.0 

93.88 

tatlo 

1.47 

1.43 

2.57 

2.04 

1.82 

8.54 

1.93 

1.62 


8.17 


tveporetPT Outpiite t See Incinerator and Steam Catalytic Oeidlaer Inputa 

• cOBtimied - 



ORIGINAL PAGE IS 
OP POOR QUM/TV 


Table 4-XIt (Cowttmied) 


Itmm 

Total 

-HjO- 

Solids 

C 

N 

0__^ 

rt 

___J 

y 


Staaa Catalnic 

Oxidlaet Inputs 








BTAporctor 

StPiKlarflicpd 

A0-t«st«d 

35061.8 

34776.8 

204.99 

117.66 

70.57 
A A on 

63.46 

itt Art 

24.33 

0.97 

O AA 


f~ 

25556.9 

533.95 

341.50 

253oO« Z 

170.00 

73. 17 

40. Vo 

30.0U 
Cl'S on 

13. J3 

ov 


• 

Omtn 

Standardiied 





341.58 






Total 

Standardised 

Aa-taated 

Ratio 

35595.8 

25898.5 

1.37 

34776,0 

25380.2 

1.37 

284,99 

176,68 

1.61 

117.66 

75.17 

1.57 

78.57 

46.98 

1.67 

597.41 

380.18 

1.57 

24.33 

15.35 

1,59 

0.97 

0.60 

1.62 


Staan Catalytic Oxldlser Outputs'*' 









COj 

9^0 fmt datfon product) 

431.42 

218.97 

78.57 

2.43 

07.55 

34776.8 



117.66 


313.76 

t OA AA 




210.97 



9L 44 





78.57 

A 7*^ . on 

AM. 



"2 

SO, 

Oj (MC..«) 

RjO (...poratad) 




1.46 

87.55 


0.97 








34776.8 







35595,0 

34995.71 

0 

117.66 

78.57 

597,41 

24.33 

0.97 

0 0 


contlnuec 



Tabu 4-X I l (C owt Inuad ) 



Total 


SoUda 

_ c_ 

W 

p. 

_ji— 

i 


.ikA. 

XiMTttut tnvuta 
f raporator 











Btandardliad 

M22.3 

297^.2 

2lBn.33 

U76.27 

22.23 

5V7.94 

174.20 

0.9? 

34.2 

202.44 

azta 

BtaiK. .r^lftd 
Aa-t«ae«d^ 

Blincfi 

lAAO.l 

47A3.62 

2508.3 

I0S4.J 

786.08 

559.66 

8.45 

36.55 

6743.62 

9«aa *1 

67.63 

0.60 

mm^Um 

83.22 












70.93 

32,66 






standard ifl«4 
Ai-taatad 

total 

70.93 

32.65 

















StandardHad 

9937.0 

2934.2 

2ie8.93 

1176,27 

93.16 

5321.56 

174.29 

0.87 

34.2 

tot.u 

Aa-taatad 

A46M 

1054.0 

706.08 

55'».66 

i»l.ll 

2624.85 

07.63 

0.63 


83.22 

tatU 

2.23 

2.7B 

2.78 

2.10 

2.27 

2.03 

1.99 

1.54 

oe 

2.17 


coffitlmiad 



Tabl> 

79 Ui, ggttdi, . 

4312,99 

1560,52 1568,52 

93,16 

2,91 2,91 

34,2 

202,44 202.44 

788.66 

2934,2 2934,2 

9937,0 4502,72 205.35 



d valuta only 

I ^tlMorotUal ovygra for co«plet« coabuttlon 



H^O (oftlddtiom yroduet) 


r 

0^ (MIMO0) 

B^O (•V00or«tod) 




kh^ccdinq page blank not filmfo 
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TaMa /i>Xt!Z, Summary of Haat Rajaction Raqulramant Scala- 
up Valuaa for G.R. RITR Standardixad Syatam. 


5 ' 

k 


Ttoat Rajactlon 


Aa-taatad 


Standi rditad 


Ra<iulramane Sourca 

Raamt. (watt) 

8cala-up Factor 

Raomt . 1 

Powar (alactrlcal) 

162.2 

2.0 

324 

Hlgh'tamp. Haat T«oop (RD* 

420 

1.3 

630 

Low«tamp. Haat toop (RI)^ 

1,550 

1.5 

2,325 

Haat of CombuiCion 






Total Haat to ba Rajaetadt 

3,706 


a 


R.I.t Radlolaotopa Haatar. 



4.5 Lpctfe-J Stund^Hl—d 

tbe fttattaardlMd wvt OKldatioft that iacorpontct the l^pckheod wet 

OKldetloB aethod for detr o detloa of aoetee ie llloetxeted to Vlgiire 4-3. the 
sotiooele for oddltloo of coipoooote onsiliosy to the vet oKldetloo veoctor 
ie glveo in preceding eectlaoe. Inpote to tte eyetce ere eoHerleed in Teblc 4*11 
ehldi eppUes to ell three of the eTeteas tmder enelyeie. 

4 etaoery vets helence on eech of the cooponents of the basic floMheet 
is given in Table 4<-XIV. The ea-teated veloea ere included where epproprlete, 
elcmg vitb acaleup retioa. 

Scale-ttp Criteria : 

The basis for tiie acale-up ratios aelected are outlined below. It ahould 
be pointed out that a duty cycle of 16 hours of c^catlcm per day was selected 
by the Study Group as a best*estiaate value for realistic ccKidltlons of use. 

This was based upoo the addition of fifty percent Increased capacity to the 
Lockheed as -tested equliwkent and appropriate scaling of the throughput tive, 
allowing for charging the systea and "blowdown** periods, to accomodate 
the "staadardited” input requirements. 

Weight and Power (Fluid Bandling Eleaents) . A ratio of 2.5 is raed as 
a convenient approxlAStlon to the ratio of water Inputs (2.445) for the two 
cases, i.e.. 


Water Input, standardiaed 


Water input, pseudo-as •tested 


2.445 


This does not apply to the weight and power of the reactor (see below) . The 
water Input is chosen because all operations within the vet oxidation systes 
except the reaction process are involved purely in fluid handling. 
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^'tgure 4-3- X^ockheed 3t&ndArdiced Flow Sheet 
(6'l^ Crev * Greas per D&y) 
tv-30 
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Tablo 4*XIV, Lorkh««H Mniia Riliince: and rno Caaaa, 


- - Item . 


100S96.P 

8346.2 

87130.6 

5120.0 

< Raala: 
Sollda 

6 man. 
C 

1 day ) 

n 

0 

H 


r 

-AU- 

K. 0. Input 
With water 

R* 0* Output 

100699.2 

8346.2 

87130.6 

5222.4 

102,4 

40.55 

3.48 

24.78 

5,94 

0 

0 

27.89 

a 

Radlafoad waah water 
Cone, 6 q reactor 









102.4 

40.55 

J.48 

24.78 

5,94 



27.89 



100699.2 

102.4 

40.55 

3.48 

24.78 

5.94 

0 

0 

27*69 

truth Grlndar Input 
Matar from R. 0. 

8346.2 

8346.2 








•••aa 

Traah 

1633.0 

0 

1633,0 

978.4 


475.8 

144.6 


JLi 

••••a 


9979.2 

8346.2 

1633.0 

978.4 

0 

475.8 

144.6 

0 

34.2 

0 

Truth Grlndar Output: 8aa 

Rtuetor luputf 
R« 0. Coneantrutu ( ECS 
ttundurdiaad 

R.actor Input. 

a. J Waah ) 

5222.4 5120,01 

102,4 

40.55 

3,48 

24.78 

5.94 



27.89 


CDO 


contlnuad 



T able /i-XIV (Contlnugd^ 


Ice« 

•^otal 

-Jl-C— 

Solids 

C 

N 

5?S558'TfSIR‘* 


4 . 




Standardised 

9979.2 

83/6.2 

1633.0 

978.4 


COO 

1632.0 

0 

1632,0 

977.4 

.... 


475.8 

479.6 


144.6 

144.6 


34.7 

34.2 


Wat good 

Standatdlied 

CDO 


362.9 241.9 121,0 

362.0 241,3 120,7 


54.10 5.00 36.10 6.00 

54.0 5.0 36.0 6.6 


H.M 

If.O 


y»caa 4 Anal Vaeh 
Standardised 
COO 


3860,: 3657.4 

793.8 585.1 


202.7 137,29 

208.7 141.4 


8.11 23.78 

8.3 24.6 


23.78 0.56 

24.6 0,6 


f.ti 

9.4 


Toilat Tlaana 
Standardised 
COO 


30,00 


30.00 13.32 


14.82 





VrtM & UrtMl rittth 









Standardised 

20729.5 

20345.5 

384.0 

70;22 

84.12 

66.00 

15.99 

1.38 

CDO 

7257.6 

6974.2 

283.1 

51.8 

62.0 

48.7 

11.5 

1.0 

SSZISS 















S97a a 



CDO 

r 7 • V 

9020.4 





f 7 . e 

5020,4 




'40.^^ 

108.: 


contimiad 



Tuble 4»XIV (contl nugd) 


Ifeep 

Total 


Sollde, 

C 

N 

0 

H 

i 


A.h 

ftaactor Input a (contM) 











Total Reactor Inputa (tlqulda) 










Standardised 

40184.1 

37711.0 

2473.1 

1292.9 

100,7 

5921.0 

198.7 

l.W 

M.2 

202.6 

COO 

17605.4 

15360.5 

2244.5 

1224.6 

75.3 

5605.5 

187.5 

1,6 

34.2 

136.6 

Ratio 

2,82 

2.46 

I.IO 

1.06 

1.34 

1.06 

1.06 

1.21 

1.0 

1.41 


CoodtPMr Ipptftg (Standardispd cate) 


RjO 

CO, 


80. 


<lci) 


(>2 (exceee) 
Kjh 


39499.3 39499.3 

4740.6 

!00,7 

5.79 

819.9 

202,6 


202.6 


1292.9 

100.7 


35110.5 4388.6 

3447.7 


3.86 

879.9 


1.93 


Coodepeer Output ; See (1) Vepor Compreeelon Diet 11 1 at Ion Input and (2) Vent Gaaea 

I 


801.6 


Vapor CeeipTeaaloii Matlllatlon Input 

Standard 37833.6 37631.0 

COO 17178.4 17041.8 


202.6 

136.6 


33449.8 4161.2 20t.6 

15148.3 1893.5 136.6 


- continued 



UhU fc-XIV (CenttTwd) 


It— Totit H jO 8oltd<_ C W 

V—t 6— (Standardised caaa) 

H.O 80.0 80.0 8.9 

2 

COj 9740.6 1292,9 — - 3447,7 

Wj 100.7 100,7 

Oj 879.9 879.9 


71,1 


TOpot C—praaaion Dlatlllatt>m Output (Standardlcad) 


Potabla water 37218.4 37218.4 33083.0 4139.4 — ••••• 

Oaaaa 210.0 210.0 ..... 186,7 23,3 

I VC Cone. 405.2 202,6 202.6 - tOt.t 



Wiaht mod OmcU>ty . the rmct^r Wight la aeelad w w the taala 

•f raaldanca tlae for the gwli^ld aiztare. Altboogb tha catt of wtor o&terlQg 
tte xwctor wrloa hy m factor of 2.445 (aoa ahow), Che gas sat* Is approKlaatalj 
groportlonal to the carbon ratio (1.056). Both rates auat be cooaldarod, and 
tbar are as follcars In the too cases: 



Gas Bate 

Liquid Bate 

Total 

Staodardised 

32.6 cc/Bln 

26.2 cc/min 

59.0 

Faeudo-as -tested 

24.5 cc/oin 

10.7 cc/idn 

35.2 


Iherefore, the wight scale-i^ ratio is the tatlo of the respective total 
throughputs, i.e. 

59 0 

Scale*up ratio “ 35^ * 

This assumes that reactor wight Increases in proportion to reactor volume. A 
scale*up ratio of 1.7 was adopted. 

Heat Input and Eaat Rejection Requirements . These requlremexits vere 
estiaiBted directly for the standardized vet*ox system from a First I^w 
analysis (see Section 3.3 for a discussion of the procedure). The results 
are as follows: 

^ct * * 37,711.0 + 128 X 8 a (550 - 77)/a.8 

- 3,564 X 2,473.1 cal/day 

6 

ao.56 + .27 - 8.81) X 10 cal/day 
« 2.02 X 10^ c»l/day - 2,020 K c*l/d«y 
On a 16 hr/day basis, 

• 147.1 watt 

The heat loss from the reactor was scaled-up from the CDO model with the 
as8uiq>tlon that the lose is directly proportional to the tvo-thlrds power of 
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raftctor ytohmt^ fbiu» 


I (aoo) - tS2 Witt 

• *^t ♦ ^ic. - + »K • *2’ -« 

<U.11I» • «'•“ * •”> • “‘ “»«*» 

- 10.83 X 10^ cal/dx; 

« 10,830 K c«l/d«y 
On a 16 hr/<Uy b«sis, 

^cooling (products) 

Therefore y 

^^jected “ * X,067 vatt 

A suflosTy of the scsie-up values for ipowei and beat is presented In Table 4-XV. 
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Table 4-XV. Sunaary of Heat Rejection RequlreMot Scate-up 
Values for Locl<heed Standardtxed Syatew. 


Root Rejection Raoul reamt Statue 

A«-teattfd 

_(wattl_ 

Fluid-handling el«««nta 

269 

(e,ge* raactor drive) 

Faaetor haater input 

380 

Faactor heat loat 

352 

Froduct cooling re<|ulre»ient 

112. 


Scale>up Star.dacdlced AMint to bo lojoetod 

Factor Re« ^Brt. (watt) (StandordU ed Caao) _ 


672,5 

672.S 

429. 

mmm 

282. 

tn.o 

786, 

7S«.Q 


Total Heat to bo Rejected (Standardiead Coee): 


i.rdo.s oocto 


ftefcraacM for Soctioo 4 


Mml. Wo. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 
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lV-39 


uKiCsINAL PAviL 

OF POOH QUALfTY 



5 . uswujn iaiojsiB 


In Section 2.4 of this xmport ths gtasrml ^xocsdars hf Che ttodif 

teonp acccaplielm the txede^eff eoB^erleoe of the elternetiee ^teortepdired” 
freeeeees nee ontlioed. Wf mj of e pevlev, this procedure iocloded: C oeteh* 

Ilehiog the tzmde*off oodel; ( 2 ) eeeeerae&t of vel^t, eolaae» po ee r er 5 theroel 
penelcics for eech of ^He eltemetiee processes; (3) develo yen t of oa e^Saettoo 
ecorlQg foxB es e tor for toe ^licetion of the txede*off aodel; f4) r- 
of the sltenstlve prowesses » osiog the scoring foras end poiot^eleccloa cel* 
teris; end (5) enslysls c~ the scoriQg*evaIosclon results. The teclialce} detells 
end results the trsde*off coops rlsoD ere presented in this secLim. 

5.1 Bstsbllshsient of the Trade-off Model : 

As osr discussed ic Section 2.4, the procedure by uhlcb the Study Group 
fonsilsted en epprc^riete trede<^ff oodel for the coopsrstive enslysls iaitielly 
involved sn analysis of the scope of the required evsloetion. This included 
the Identification of key psreneters to be considered for the type of space* 
craft llfe*support systeo represented hy cLe three sltemstlve processes of 
interest. It uas also necessary to identify appropriate cooversioo factors 
for penalty eisessoeots. Finally, conventional tzade*off oodela, ossd in 
industrial practice for the comparison of life*support systesis sltexnaclves 
and similar applications, vere reviewed and assessed to Identify the most 
appropriate model format. The model selected hy the Study Group had the 
form: 

®Toru.“ • 
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SotM. • •eor* for o givoo csadidatc gtocoss; 

1^ • Crltieal ftofoty Coofficlont for cfa* omdldoto gcoecsa; 

• Critical Porfoioaoca Coafficioat f^ the eoodidate 

grocoaa; 

• Bis coopariaon-category taxw, acored aepatately 
for caodidate proceas and then ■ini'r!. 

This aodel foxn lihich conaiata of a conbioation oelghted aiMation (additlva) 
teiK and coefficient (multiplicative) tema» la very alallar not cmly to thoae 
typically oaed by aystems analyata in the aeroapace Indoatry, hot alao to 
aeveral popular models and In the cbanlcal process industries for caaparative 
evaloatloo of nev CGnnercial-venture alternatives. The socceaafol application 
of these trade-off models as maoegeiDent declalon-atnicturing tools » for purposes 
almilar to thoae of Interest in this study, has been veil doctnwnted. 

The Study Group selected six categories for the terms s^ in the above 
trade-off model. These included: 

• General safety characterlatlcs 

• (grating conplexlcy of the system 
m Slnpllclty of interfacing 

^ Adaptability to flight conditions 

• Versatility 

• Penalties (weight, volume, power, thermal ) 

Velghtiog factors for each of these categories. In terms of mazlmim point 
values, vere assigned bssed upon cooventloosl spacecraft ays ta» -analysis 
practice; and criteria were established for the asalgnmeot of points (up to 
the naxlmuB value) Is each category. These are aunnariced in Table 5-1. The 



Table 5*1. Weighting Fectore enU Point AeeJgfwent 
Criteria for Comperleon CetegorWei e.. 
In Trede-off Model. 


CoApiktleon Category 


Welghtlfig Factor 


(wf.xlmuir. p oint veluc) 


Polnt-eeilgnmit Ciiterlg 


A. Cenerel Safety Cher jr ter* 20 

lotice 
(e^) 


4 

\ 

ii 


Polnte ere eeelgned for frootftMt ftMrell^f 
frop potentlel eefety hecerde e«ch ee fire* 
etewephere centealfietlon* eeploeioe* bec- 
terlologlcel probleM* crew Injury* end Ofeip* 
Bent demege to other eob-eyeteea. Hlgh-riek 
range (0*5 pte.); aodarete rlek tnoge (6-15 
pte.}; low to Inelgnlfleent rlek range (16-20 
pte . ) . 


2. Operating Conplexlty of the 

Syetea 


IR 


Hlgheet polnte ere eeelgned for gtogfeet 

elmpllclty of opereting procoduree gnd 
leeit teehnletl conplexlty In herdenre 
functions* Peroreble conelderatlon le nloo 
given to higher potentlel for offoetleo* 
reliable eutoaetlon of oporetlonet reduced 
crew tlflie end etreee during onlntengnee; gfid 
eeee of BoduUrlclng oqulpBont, Secoeelre 
complexity range (0*4 pte.); aBderete cri^'leBity 
range (5-14 pte.); low to inelgnl fleer*. coaip;exiey 
(15*18 pte.) 


* eontlmied 
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4. Ada^t«blllt7 to Flight 
Condltiotno 

(» 4 > 


t« 


contlnuod - 


Point-aioiffMRt 


Highoit pointi «r« onoigtiod for toaot rogoirt* 
mont lor IntorfocM with otfior opocootvlt gob- 
•yrtopo and aorvlcoa for oforotion of tbo 
candldata-procoo* rub-opotM. typleoi Intat* 
fflcor includo vacuus amirea, eitpgaii or oltffoiaft 
auppUagf uatof supply » blocida aoureay pooar 
connactlofia, pltaablngv ate* Bacaaalra totar* 
facing cosplaxlty ranga (0*3 pta«)t avdarata 
intatfacing eooplatlty ranga (4-f pta»>; 
lou tn Inalgnlf leant intarfacing cooplmity 
ranga (9-12 pta«>. 


Pointf ara ataignad proportioagt to aa aatlMtai 
probability that tha candldatf-proeaaa aab-ayataii 
will ba oparat tonal for an aaaumd application 
(in tha 1960-1990 tisa period) baaad on ronfi- 
danca in Infomtion and apptoachaa to problan 
folutiona (l.a .9 lail-oparational/fail aafa; 
failura-Aoda affact analyala)* locludaa 
conaldaration of potential aanaitivity to flight 
conditiona (taro-g» vibration and ahock» ate.). 



Polnt-« 0 figrMnt Crit«ri« 


Polntt «ecordiat to th« tetMtial 

adapcabtlity of tho eandldato procoM oub'OptftM 
to various vlaaion appLlcatiofia. limlva 
variabla tuch aa craw alto, powar an4 hast 
•ourcaa ivailabillty (l*a., talar eatU, raMa* 
Itotopa aourcaa* ate.)p apaeaerart caaflfam- 
tlof \0 (a.g,| vahlcla fraa voIum* a<yaipmfit 
load capacity^ atc.)» and alftlon duratioa. tmf 
varoatlllty ranga (0*1); aodarata aaraatility 
ranga ( 2 - 5 ); Htah to Idaal varaaetUty ratifa 
(b-7). 


Point# aaaigoad proportianal to actaal aatiaatai 
valuaa for inatallad aalght, aparaa valght, aolaBi, 
power and thanail rajaetloo raqulraawnta for aach 
candldata procaaa aub-ayataa» all convartad to 
aqulvalant-wa gl.t valuaa for alopllcity io poiott 
aaalgnmant • 



natc of ocorlot ooIom for tbo critieol. fotoatUllj Obortioc or cotootfopbic 
iactorB (•potflo po/oD-go iaportancc) 1^ oad in the nodel one noloctod to 
he sero (preenrtioc lojeetion of the cnodldete) to one (no Hkellbood of problene, 
nod therefore no Insert on the eelectlon of thle cnodldete). Criterle for the 
neelgoBent of scoring veloee for these Coo coefficients involeod estlnstes of 
probebllltles thst no crltlcel esfety or pcrfomence prohlens vlll be likely to 
occur in operetlooel design oersloo of the candidate process sub*systo&, based 
upon currently available infomation. 

5.2 Assessment of Fenalty Values for the Candidate Processes : 

All but the last (s^) of the conparlson categories described in Table 5*1 
Involve scoring criteria based upon qualitative Judgsent factors ohlch the 
Study Group had to derive fron the general data and Infonnation obtained for 
the candidate processes, and calculations accoopllsbed for Material- and 
energy-balance closure in the as-tested end standardised cases. For cfaq>arisoo 
category s^» however, it was necessary to cooplle best-estloate values for 
weight, volume, power and thezinal penalties, on e conponenc-by-co^onent bsssls, 
for the standardised process flowsheet for each candidate procf^as. The basis 
for these estimated penalty values is discussed below for the major coaqK>oents 
of the three standardised flowsheets developed in Section 4 of this report. 

CARD Dry-loclnerator Process 

1. Reverse-osiaosls unit (this Is comaon to all three standardised flow- 
sheets and the penalty values presented here will be the same for 
the G.E. RITE and the Lockheed Vet-ox processes, vhi^ follow): 

a. Duty cycle — 6 hours during 14-hour daylight period (Ref. 5.1). 

b. Electric power penalty (lbs /watt), AC power — 0.351 (Ref. 5.2). 
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c. Wm»t c«J«ct«d fnm tank hmmtwp •• 32 iwtt» (Mtlmtad trcm M Cp tt 
ealculfttloiu^ vitb V dttttx«ln«d froB the flov tmtm fx 24 hours » 
froB the otofidsnllKod input ouloos to the tO unit; tbon rsjoctloo 
token c' approziastely 10 percent of this heetnp. to represent 
looses). 

d. TheiBsl rejection penslty (Ib/vett) to elr — 0.25 (Bef. 5.2). 

e. IhemsI Input for tank hestup end pusq>lng (see c, above, end Bef. 5.1) 
— 330 vetts. 

f. Installed weight of unit (reported values, averaged) — 203 lb. 

(Ref. 5.1). 

g. Spares weight (reported values, averaged) — 90 lb (Ref. 5.1). 
Trash-shredder Unit (this is coanon to all three standardised f low- 
sheets and the penalcv values presented here will be the same for the 
G.E. and Lockheed processes). 

In seeking a cocsaon design, two tested options are available. 

Both Lockheed and G.E. have designed and tested trash grinders; 

GAJ^ has not. The Study Croup chose to use penalty values for the 
Lockheed unit. Although it showed higher penalty values, it has been 
tested on a note representative trash-oodel input and possibly offers 
fliore realistic penalty values. The choice does not affect the overall 
comparison of pena]tv values for the alternative processes since esch 
process flowsheet was burdened the saae for the trash-grinder unit. 

a. IKity cycle -- 10 SLinutes (estisaated from Lockheed test data to date). 

b. Electric power input (2 hp motor operating for 10 min.) — 11 watts. 

c. Electric power penalty (continuously regulated AC to accomodate large 
surges) — 0.725 lb /watt (Ref. 5.2). 



4. thmrml nj^ctloa (to «lr) ** 0.15 thfmtt <0of. 5.1). 

«. thoraol ttjoctioo eolcoUtod «• 30 p^tcmt of lapot oa tbosMi 
lost from ODtor 3 wtta (ooe b, above), 

f. Xnetenod velgbt of «olt; oetlaated from caaooae&te 110 Ibe. 

Spores veight; ootimtod os 40 porcoot of lootollod eelslit — 04 lbs. 
(see f, above). 

3. Vapor Cospresslon Onlt (oltboogh both the G4RP and the Lockheed 
**stoadsrdlsed" process flowsheets use VC units » they ore used for different 
pnrpooes and at different stresB locations la tiie flovsheet, therefore, 
they vlll not be the sssie}. Per the CARD flowsheet: 

s. Ihity cycle — 8 hours. 

b- Feed rate (fron stsodsrdlsed flowsheet. Section 4.3) — 32,665 g/day. 

c. Electric power input (GASD data scaled by flov*rate ratio to 
standardised case) — 460 watts. 

d. Electric power penalty (AC power, aunllt side) — 0.351 Ib/vatt 
(Ref. 5.2). 

e. Thezinal rejection (assumed to be 100 percent of electric power 
input, c above) -- 480 watts. 

f. Thennsl rejection penalty (to air) — 0.25 Ib/watt (Ref. 5.2). 

g. Installed weight (values given in Ref. 5.1 were used as basis; 
one still was removed. Its weight excluded, and then the remaining 
value was scaled by the flow-rate ratio Co the standardised CART 
case) 890 lbs. 

h. Spares weight (one standby still module) — 261 lbs. 

4. Incinerstor Onlt (unique to CARD process): 
a. Duty cycle ** 8 hr (Ref. 5.3 and 5.4). 
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h. n^etrlc fmmt ioput (ftos Titbit 4-XX) — t,246 «tttt. 

c. Utctrlc ^0»tr ptutlty, nguUttd AC 0.351 Ib/wttt (itf. 5.2). 

A. Tbtatl rtjtctloii (fra» Ttbie 4*ZI) -h. f,873 wtts. 

t. TbtXBtl rtjtctlcm ptntlty (tlr tad coolant vtluat, «tant«d) ** 

0.21S Ib/imtt (Itf. 5.2). 

f . Inotalltd weight (tcelt factor of 4 tl«e> G4BD ae -‘tatted unit 
Talue» acco'.drng to criteria developed lo Section 4.3 of this 
report) » 888 lbs. 

g. Spares vel^t (40 percent of installed weight) •• 355 lbs. 

G.E. HITE Process 

1. Reverse^osttosls Unit (same as for G4KD process, presented above). 

2. Trash-shredder Unit — (same as for CARD process, presented above). 

3. G.E. RITE System (unique reactor and supporting coe^oaents, omitting 

shredder and water-storage provisions); 

a. Duty cycle — 24 hrs. (Ref. 5.5). 

b. Electric power Input (from Table 4-XIII) -- 324 watts. 

c. Electric pcwer penalty, regulated AC (averaged for all-day operation) 
— 0.538 Ib/watt (Ref. 5.2). 

d. Thermal rejection (from Table 4-XIlI) — 3,706 watts. 

e. Thermal rejection per. ..try (average values for air and coolant) — 
0.215 Ib/watt (Ref. 5.2). 

f. Installed weight (average weight of 470 lbs. for the estimated 
flight-weight unit was obtained from Refs. 5.1 and 5.7, but omitting 
the weight of the coonode, trash shredder and water atcrage facility; 
this weight was sealed by a factor 2 according to the criteria in 
Section 4.4 of this report for the "standardised" caae) — 940 lbs. 

g. Spares weight — 376 lbs. (Ref. 5*1). 
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toett—a W«t-«td»ttott ytocwa 

1. o«U ttfilt — (sMe ai Cor GAID procaat. prsaastad above). 

2« ftaeh^ehradder Poit •• (eme ae far GABD proceai, Yraaaotad above). 

3. Wet-caldetlen leector (tmi^ite to Lockheed pxocae#): 

a. Saty cycle (as diecsaaH la Seccloa 4.5 of tbla r^ort) 16 hoora. 

b. Slectrlc power loput (fron table 4*ZV) 1,101.5 watts. 

c. Slectrlc power penalty, regulated AC (averaged for all«day operatioo) 
0.538 Ib/vatc (Xef. 5.2). 

d. thenwl rejection (fn» Table 4-XV) — 1,740.5 watts. 

e. Tberael rejection penalty (average value for air and coolant) 

0.215 Ib/watt (Ref. 5.2). 

f. Installed weight (using a reactor weight of approziaate^ 145 lbs. 
estixaated by Lockheed, and scaled by a factor of 1.7 according to the 
criteria of Section 4.5, plus the weight of adscellaneous fluid- 
handling elesDents scaled by a factor of 2.5 according to the 
criteria of Section 4.5) — 444 lbs. 

g. Spares weight (40 percent of instaZleu weight) -- 178 lbs. 

4. Vapor Compress loo Unit (follows the wet -ox reactor in the standardised 

flow sheet, as shown In Fls^;re 4-3 of Section 4): 

a. Duty cycle (coinciding with the teradoai phase of the reac'.:or duty 
cycle) -- 8 hrs. 

b. Feed rate (from Figure 4-3) — 37,833.6 g/day. 

c. Electric pcwer Input (Lockheed data scaled to standardised case 
by feed flow-rate ratio, standardised to as*terted) — 559 watts. 

d. Electric power penalty (AC, sunlit aide) -- 0.3^1 Ib/watt (Ref. 5.2). 

e. Ihennal rejection (assumed to be 100 percent of electric power Input, 
c above) — 559 watts. 
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f . thmrml rtjsctloo (to «ir) -* 0.25 Ib/wott (laf . 5*2). 

IttotaXlod Wight (ttoed wloo* glTon in Soforsncc 5.I. wcopt 
«A 0 otlll «M rwoTtd, Ito wight wclodod, mod tim Che rwelnli« 
wlue wt eceled by the Input flwrete ratio to tho atandardiced 
Lockheed wee) -* 1,035 lbs. 

h. Spares weight (one atandby atlll aodule) — 304 lbs. 

5. Catalytic Oaldatlop Pnit (to treat reactor-product at.d dryer gases 
before interfacing with the cablo-atnosphere control aye tan; no 
design data available, ao Study Group's best-estlwte calculations 
were used besed upon conventional catalytic osldatloo units): 

a. Duty cycle (same as Wet-ox reactor) — 16 hrs. 

b. Electric power input (preheat of input stream, plus fluid-handling 
equipment) — 150 watts (estimated). 

c. Electric power penalty (AC, regulated power; averaged for all-day 
use) — 0.538 lb /watt (Ref. 5.2). 

d. Thermal rejection (assumed to be 100 percent of electric -power 
input, b above) — 150 watts (estimated). 

e. Thermal rejection penalty (to coolant) — 0.16 lb /watt (Ref. 5.2). 

f. Installed weight (Study Group's calculated estimate) -- 225 lbs. 

g. Spares weight (assumed to be one-third of installed weight, f above) 
— 75 lbs. 

6. Dryer Unit (shown in Figure 4-3 to dry the concentrate stream from 
the Vapor Coiiq>resslon Drlt, produce a dry -ash residue and recover 
additional water; based upon Study Group's best-estimate calculations): 

a. Duty cycle (same as Vapor Compress ion Unit) — 6 hrs. 

b. Electric power Input <to evaporate 331 g/ 'ay of water and allowing 
for losses) — 35 w^tts. 
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c. Electric pm%T — 0.951 U/Mtt (0«f. 5.2). 

0. tbtBMl rtJactloD (as^iMd to be 100 percent of electric power 
loput» b ebove) 35 victe. 

e. Tbezael rejection penelty (to cooXent) — 0.16 Ib/wett (Kef. 5.2). 

f. Xnetelle6 weight (Study Group '• eatlwete beeed on Lockheed deelgn 
conflgiuretion) •• 20 lbs. 

g. $peres weight (beeed on estleete of 50 percent of ioetelled 
weight, f ebove) •• 10 lbs. 

The various sources of penalty for the cooponent units of each alternative 
process, listed abcri'e in this sub-section, were converted to equivalent weight 
values to provide a single penalty nuaber for each process and sioplify the 
scoring for Comparison Category s^ in Table 5-1. These equivalent -weight 
values are susnarlaed for each process, and its essential flowsheet cooponents , 
in Table 5-II. 

5.3 Evaluation Scoring Procedure and Results ; 

An evaluation '^scoring" form was developed as a tool for applying the 
trade-off model describe i in Section 5.1. The form provided for the assignment 
of points to the various ComparlBon Categories (s^ through a^) and critical 
and ) for each cf the three alternative processes, and 
the final computation of total rating score each process. 

The Study Group used this fozm and performed a concensus rating for the 
alternative p^'ocesses bas'^d upon the penalty values suanarisfed in Table 5-XI 
and judgement derived frca: the data-base ae-tested experience iafoziDatirn as well 
as the standardized flowsheet activity. Initially the scoring was accomplished 
for the baseline miss 1cm ms>del upon which this study was based (as discussed 


coefficients 
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Table 5-1 I. Sunoary of Penalty Values, In Terms of Equivalent Weight, 
for Standard! red Flowaheet Componenta of the Three 
Alternative Proceaaea, 


Alternative Process /Components 

Electric Power 
Equlv. wt» (lb) 

Thermal Rejection 
(Equiv. wt. (lb) 

Inszalled 
wt. (lb) 

SpatM 
«. (lb) 

rvtml 

Kwalv. 

CARD Standardised Flowsheet: 
Reverse-osnosls Unit 

116 

8 

205 

90 

410 

Ttash-shredder Unit 

8 

1 

210 

86 

303 

Vapor CcfDpresslon Unit 

168 

120 

890 

261 

1»439 

Incinerator Unit 


ZaXjQ. 

888 

355 


Proceos Totals: 

3,186 

2.252 

2,193 

790 



G.E. Standardised Flowsheet! 


Revet se-osmoB la Unit 

116 

Trash-shredder Unit 

6 

G.E. RITE System 

m 

Process Totals: 

298 


Lockheed Standardized Flowsheet: 


Revaraa*oa«osls Unit 

116 

Trash-*hredder Unit 

8 

Wet-CAi.dation Reactor 

592 

Vapor Compreaalon Unit 

196 

Catalytic Oxidation Unit 

81 

Dryer Unit 

12 


1,005 


a 

205 

90 

419 

1 

210 

66 

303 

797 

960 

376 

2.287 

806 

1,355 

550 

3^009 


8 

20S 

90 

619 

1 

210 

86 

303 

376 

444 

178 

1,588 

160 

1,035 

306 

1,675 

27 

225 

75 

608 

6 

20 

10 

^ 

556 

2,139 

761 

LSik 


Proceaa Totals: 



ic t«ctloa 1). Tb« forr. mad th* nrclts of tho ttoAj Grove's imtlog 

tlio oltonosloo Arc . >«iiCod la Table 5-IU. 

S,4 ^ f oolTele the SccrUatHgyalttatioc 1— ulta : 

An Ottalysle of tbe •corinft-ovolnntioA roaolte oboon in Table VIXl (baaed 
1900 trade-off aodel dlacaaaed la Sectloe S.X) «a& pcrfoaed the Study 
Gnmp to deteralne the algnificaace of theae reaulta and eatabliab a Kaala 
for cooclualooa aad reci—eBtlctlooa . the aaalyaia ahcaied that for the aix 
caaparlaon cates^x^^ throogh a^ la Table 5*IXI) the prlaaxy aource of 
big differences in aaalgaed acores aaoag the proceaaes aas Penalties, aad 
aecoodarlly in Safety. The differences in the otbs^ categories veze not aery 
algo' f leant. It eas also interesting tc note that the preeoptive Critical 
Coefficients 0^ and 1^^) did not change the rankings among the three 
processes that ad^t have been derived from the ana of the s^ values; the 
Critical Coefficients just reinforced thes<* raxdcings. 

The Lockheed Uet-rgcidatioo Process, irtiich uses hlgt operating pressures 
and teaperatures , vas scored lev vlth respect Co safety (s^ and This 

resulted fros the Study Group's Informed anxiety (baaed on extensive experience 
vXch adequately similar aystess in lo<h:stry) concerning the potential for 
expi'>sinr fire, equipment-dauai^c and crew-injury barerds. This process vas 
also aeco iarlly penalixed because of Its many Interface and expendables 
requirements (such as oxyircr and nitrogen pressurlaatlco, heat exchangers, 
reactor catalyst makeup, and Txceasive po^t-treatment requirements). Finally, 

It mas anciclt-%ted 't Its operating procedure vould b? difficult to automate 
and mould Impose requlrmenta for sore rrew-time for maintenance. 

The Ghki) Hry lDci 44 emtioD Process was scored lev in the Penalties category 
because of the very likely excessive equivalent -weight values tabulated in 
Table 5-II. ^e CARD process, like the Vet-oxidation Process, mas also aecoodarlly 
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Table 5-IIT. Trade-off Scoring Tom and H'^auJta of Study Crf.jp'm 
Fating of Alternative Procenaen. 


MaxlMua Point a S cor ini^ fo* - ea ch Alf rnatty froCF— 

Scoring Pactora CKf C . P . P . i TR Lockh eed Wat‘*o>» 

A. Cowparlaoti Categorlea (Sj): 


1. Safety (a^ 

20 

n.o 

15.2 

11.6 

2. O^ratlng Complexity of 
the Syaten (e^) 

IS 

12.6 

12.8 

to. 6 

3. Slvpllclty of Interfacing 

(.3) 

12 

8.B 

8.6 

7.2 

4. Adaptability to Flight 
Condition# a^) 

16 

11.8 

11.8 

10.0 

3. Veraatllity (a^) 

7 

5.2 

5.4 

5. a 

6. Penaltlea (a^) 

JL 

9.6 

20.6 

ts.o 

Totala (Ta^) : 

100 <»ax.) 

63.0 

74.4 

59.8 

Critical Cotfflclenta (H) : 





1. Critical Safety Coefficient 

1.0 

0.86 

^.95 

0.82 

2. Critical Performance Coefficient 
cp 

l.O 

0.87 

0.92 

0.82 

Computation of 

■" " ■ ‘f, 

- (M ) fK ) t a- 
TOTAL ca cp 1 

100 (max.) 

47.1 

63.7 




OB fht bMls of iu ifitorfocc «nd opoodoblof roqulr— rnff (moe^ 

M» tmtLTlng, cooloat. U^d-ooUd oep«»tcrs» —trhoalcol foictloBi «hlcb 
B^oar to Vo vary oqactttlble to ox^oosloe war aod the fraquaft. wad for 
taplacewnt or rapair). 

Xa B^koxal, the Stvkdy 6roui» did not regard aafetj-faasazd potential 
for the radiolaotopic beater In General Electric KITE Process to be Tery 
eericus, the principal reasoc for this aas the chacacteriatlc design of the 
unit, frtiids does sot aho« aoaceprlbllity to failure nodes (over*pxeaaare, 
ezploaion, etc.) that could cause loss of contalnBent of the radioactive 
wterial. The KITE process is particularly at'rac:;ive in Its lo^ equivalent- 
Wight potential. This characteristic, together %lth the relatively high 
prcbabillty (in the Study Group's judgment) for operation vitbout critical 
safety or perfomance prcbless, appear to account for the higher total score 
and top ranking by the Study Group In the trade<>off analysis for the baseline 
■iS5ion*applicatloii case. 

The Study Group realised that the tradeoff -mode I tool for manageaeitt 
decision-structuring should not fora the & ole basis for decision making. As 
in all models, the results are sensitive to the criteria upon vhicb the model 
is based. Therefore, It is very va^nable to test the extent of this sensitivlry* 
The Study Group performed such a test on the apparently controlling parameters 
of the trade-off model described in Section 5.1 and used by the Study Group 
in its comparative evaluation. The results of this sensltlvlCy test are 
described in Section 6 of thi» report. 
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CORSlKBilTIOB OT OIIKR TB&ll ■fcSKLDIE OOTEtlA 

Aa AIsciimwI lx. Saction 5, tte Study Crotip felt tliat tbe tndeoff aodel 
•hoold tested for eentltlTlCy to tiie besellse criteria upoa vklch the »>del 
eea beeed. Project resources did not pemit en In-depth enslysls of the effects 
of other then hesellne aisslofi esses. Bouever, en imllcstlve test ees nsde Is 
en effort et lesst to brmdcet ecnsltlvlty effects for one of the prlncipel pexe- 
neters In the nodel. The psrsneter that was selected for this test ees **Penalties," 
Coeparlsoii Category s^ in Tables 5-1 and 5-1II, ts «as discussed in Section 5.4, 
although this paraaeter «as not the only controlling factor in the evaluation 
rankings that resulted fron the trade-off analysis. It showed the largest 
difference in scores auong the three candidate processes (as shown in Table 5-II1). 
It also appeared to have the greatest inherent potential for aenaltlvlty to 
ensnges in eissloo specif Icatlons. 

In selecting a basis for the sensitivity test, the Study Group noted that 
the G.E. RITE process showed a significantly lower penalty factor, in tens of 
equivalent weight (Table 5-II) principally because that process uses the radio- 
active beat source and operates on a 24-hour/dar (cou^lonous) duty cycle. There- 
fore, it was iecided th::: the venaitivity analysis would be bared upon variations 
of the choice si heat source ard doty cycles for the other two alternative pro- 
cesses. Table 6-1 presents the two alternative test cases (cases 2 and 3) In 
coBparlaon with the Baseline Case (case 1) upon the txade-off analysis 

described In Section 5 was based. 

In Case 2, both tne GARB Dry Inclneratloo Process anu the hockae^ V::t-ox 
process are considered tv be redesigned (ii practical) to nae a radlolaotope 
source of heating, as in the case of the G.B. RITE Process. In addition, the 
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T«bU «•!. 

Comptrleon of CriterU for Btetllnt 
end Seneltlvlty Tett Cette. 





PROCB88 CRITBRIA 



CASB 

C.R. RITB 

WBT-OX 

■~3wiOSniiSir 





• * 

Duty eyclt of «uxlli«t 7 unlt«: 

8 hr/dty 

8 hr/day 

8 hr/day 

b. 

Duty cyelo of nojor procMi unit; 

2A Nc/'Uy 

18 hr/day 

8 hr/day 

e. 

ThorMl onergy iourco; 

RITR 

Blactrie 

Blactrie 

CASB 2. -- 





Duty cyclt of auxitlary unite; 

^ hr/dty 

8 hr/day 

0 hr/day 

b. 

Duty cyclt of irajor proctee unit; 

2A hr/day 

24 hr/day 

24 hr/day 

c. 

Thtnntl tntrgy eourct; 

RITB 

RITB 

RITB 

CA8B 

Jju - 




• « 

Duty cyclt of tuxllltry unit*. 

24 hr/day 

24 hr/day 

24 hr/day 

b. 

Duty cyclt of onjor proctee unit; 

24 hr/day 

24 hr/day 

24 hr/day 

c. 

Tbtratl tntfgy tourct; 

RITB 

RITB 

RITB 




T«bl* 6-11. S«rtBltlvlty-arMily»lf ComparlBon of Total Equivalent Wtlght Vtluaa for 
the Alternative Proceeaes for Three Deilgn Caaea. 


CASE T.bl. 6-1) 

C,E, RITE 
j^Eonlv.ut. .lb) 

Lockheed Wet -ox 
(Equlv.wt. .lb) 

QA.n Dry Ineln. 
<Eaul..wt..lb) 

CASE 1 Baaellne; aame 
aa valuea In 
Table 5-'I): 

3,009 

A,A4l 

8,431 

CASE 2: 

3,009 

4,000 (approx «> 

4,000 (apormi.) 

CASE 3: 

2,700 (approx.) 

2,400 (approx.) 

2,500 (ap8TC**> 


mioT proc*s$ uit (raaetor «nd •vpportlQg bftrdnart, bat aot loclodlQg tbe 
•olllary ooltt addod by the Study Srooy to eoaploto the etaoderdlsad flowsbeete) 

•f Che GtSD and b»cldieed Pioceeeee le aeeuaed to epextte on a 24-hour Aicy 
cycle* olaiUr to tbe sejor proceee unit of the C.E. proceee. Icwever* the 
doty cycle* for the oiDclllery (etenderdleed add-on) unite reaein the aaae me 
for the Beeellne Case (Case 1). Vitb tbeee changes* oev values for total 
equivalent weight were approzlaated for the CARD and Lockheed processes (values 
for tbe G.E. process would, of course, renaln the saae as for Case 1) for 
comparison with Case 1 values given In Table 5-11. Tbe values for Cases 1 and 2, 
for all three processes, are presented In Table 6-II for ccmpariaon purposes. 

It can be seen that the reduction In penalty value for the CARD process becomes 
sharply reduced, and the G.E. process shows only about a 1,000 lb. penalty advan- 
tage over the other two processes for the Case 2 conditions. 

In Case 3, tbe conditions for the choice of thenoal energy source and duty 
cycle for tbe nsjor process unit remain the same as for Case 2 for all three 
processes. However, additionally, the duty cycle for all auxiliary (standardised 
add-on) units is Increased to 24 hours /day (continuous operation) for all three 
processes. The effects of this change on total equivalent weight values for all 
three proc-sses also are shown in Table 6-11. As can be seen, this change has 
a dramatic equalisation effect on tbe penalty values for tbe three alternative 
processes. This would cause a similar equalisation in the values of s^ (Table 1X1) 
If a trade-off scoring were perfonaed for this case. 

Tbe results shown in Table 6-11 suggest that the **PeDalties'* Coaq>arison 
Category, s^, is very sensitive to design changes, such that it is quite 
reasonable to expect uesign improvements that will result in essentially the 
equalisation of penalty values among tbe candidate processes. Other evaluation 
factors, particularly aafaty and performance factors, then will principally 
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iAf ln«ke« the tfm 4 «*off aMlytlt and aalactlon of the boat ^roco»« for a 
fartlcolar appUcatioa. 

the Study Group had also daslrad to coDiider the affacta of oarlatloiie 
la craw else and olaeloa duratloo oo the trade-off coBOariaooa. looeaar, it 
«M datezalaed that iaaofflcieat data are preaently available for the laboratory 
Halts la ase by the coatractora to provide astlMCes of the dlffereoces idilch 
vlll ultlaately exist in requlreaients for expendable and resupply 0016x1016. la 
addition, real values for acaleup factors, based on thror Increases that 

would result froo changes in olsslon paraoeters. are not «. -lAole at present. 
Therefore, a reliable analysis of the lapact of crew else and olsslon duration 
on the trade-off coo|>arlBon presented in Section 5 will have to await the availa- 
bility of adequate test data and detailed design calculations based on oeanlngful 
scaling experiments. 
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7. C0RXCSI0I6 
7>1 Cpncloaions : 

Ibe MterlAl presenced in the prevlotu sections of this report provided 
the basis for several cooclosions. These are stssnarised below. 

1. All three process concepts offer feasible and viable systens approaches 
to water and waste collection and processing to a^et the standazdixed 
input and output specifications idiich provide the hssls for this 
study. 

2. Test data available for all three process concepts are not presently 
adequate for a cooplete definition of cloaed-systen design speclfica* 
tions to satisfy the standardized input and output requiresients of this 
study. 

3. Based upon the Study Group’s estimates of design requireioents for the 
standardized flow sheets for the three alternative processes^ and the 
tradeoff model developed hy the Study Group, the G.E. SITE process 
shows the greatest overall pronise for satisfying the standardized 
Input and output requirements. The pranise is based principally on 
safety, performance and penalty factors, as specified in the trade*off 
model. It is also the most advanced, mature system from the standpoint 
of readiness and reduced requirements ~or as yet undeveloped auxiliary 
units . 

4. The criteria for penalties assessment, associated with the Study Group’s 
trade*o£f evaluation model, are sensitive to potential design changes. 

It is possible that further design refinements in the Wet •oxidation 
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•ad DrylaclMzatioe rtocM««* aL^t •quallac tbe i^cnalty aaloM for 
the throe •Itomotloe ptoceoeeo. Smfoty and porfoaoaco foctoro in 
the trede-off aodel voiild then control the coarerleon. Xb the Study 
Croup '• Judgment, the G*B. BIIK eyotw mould etill ehom the steeteet 
promlee for meeting the re<iulrementt nf the etenderdleed input and 
output epeclf Icetions • 

5. The Vet-oaidetion process mes considered by the Study Group to have 
modexutely severe potcntisl for safety and performance (inrloding 
reliability and maintainability) problem* In Its present design. 

The Study Group mas cautiously optimistic that some of these problems 
might be at.:enu.ted through further developiDeot, particularly to reduce 
operatlng^pressure requirements and simplify the operating cooplexlty 
and interfacing requirements. 

6. The Study Group judged that the Dry Incineration process mould offer 
the potential advantages for use in steering the standardized Input and 
output requirements, fiomever. It does provide for the separate processing 
of solid trash and feces vlthout the necessity of combining these 
streams with water-recovery streams. In this case, the entire maste- 
processlng procedure appears to be easier. NASA should seriously 
consider the potential for net advantages of this approach for certain 
types of manned missions. Further development of the Dry IncinerstloQ 
process then mould seem to be justified (along the lines discussed In 
Section 7.2). 

7. The reliable analysis of the potential impact of creu alee and other 
mission parameters on the trade-off comparison performed on this study 
mill have to await the availability of adequate test data and detailed 
design calculations baaed on meaningful scaling experiments. Ihise mere 
laot available for the present study » and extensive estimating of design 



raquirwntt %Md to bo •ecca^liobod. 

8. The procoduroe «^>lo 3 red oo thia study should pnyride ISSA with so 

•Cfsctlvt tool SlOo guldellosa for sialUr tschxK>log 7 *ststus csslustlon 
studio* lo the future. 

7.2 lecoiepdetlong : 

In sddltico to Che roconocodstion* lap lied in Section 7.1, the Study 
Group identified socae specific sraes £or consldention by RASA. ln«^£ are 
sua*arized belov. 

1. In future development work on any or all of the three altemstive 
processes, cnphasis should be placed on the thorough characterization 
of Che cooBposltlob, flcM rate, temperature and pressure of all input 
and output streams (l.e., to develop a cooQ>lete material and energy 
balance based on data). This Is absolutely necessary to provide a 
basis for reliably evaluating the effectiveness of a process atep, 
making design Improvements tc increase effectiveness, and design acaleup 
or adaptation to other perfonoance epecifications. Several very 
important data voids were identified on this atudy for each of the 
three processes, and these had a severe impact on the evaluation 
analysis. Specific problem areas were discussed In detail In other 
sections of this report. 

2. Requirements for the catalytic oxidation of product streams (to 
"purify" them prior to interfacing with the spacecraft atmosphere- 
revitalization subsystem) were virtually ubiquitous in the Study 
Group's analysis of the flowsheets for the three alternative processes. 
However, very little design and performance data were attainable for 
catalytic oxidizer units. Available dac& suggested a very poor under- 
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of the procMSM • >cioi:od with ouch osiu* 1hl« U «o 
of tocfaDoloST dcvelofMtnt ohleh coqulro* onhiiiiort ctt«atio&> 

3. If At **«t« 2 xUrdlftod modtV* wod In this otody lo of octoftl IntorMt 
to MSA, Mjor coopooent developoent ond tootiog should be oceoopUthed 
In a timely aonnar for the appropriate auxiliary (add*oo) unltt Included 
by the Study Group In the ataodardlaed flovsheets for the alternative 


processes . 
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>i—ary of Stwdy Croup Slf Vl»lt moa 
with Ceotrmctor*> mt C<bt« 1 EUctrlc. 


(X) Study Gruttp 


— J. Spurlock, M. Modoll, V. Bo«o» 
D. ^cnou, uod J. Pocormro. 


{ 2 ) Gonorol Bloctrlc — K. Hurray, J Scballkopf 


Principal Placustlo o T^^plcs and Activities : 

k. Flou-ahaat and Gparatloual Dataila, Clarification Diacuaaion >> 

1. Mature of the air awaap in urina tranaport. 

2 . **Pvrolyarr** la actually a catalytic osldation unit 

3. Oxypan input rata to the evaporator. 

4 Cfficiancy of the catalytic oxidation units. 

^ Ex;^lanaticn of catalyst degradation reported by C.E. 
b Hathod. -allabllity of product eater anaiysls 
7 . Clarification of aignificanca of condenser vent data. 

5 Eiiplanatiim ot 1 cm pH in product -eater data reported by C.t 
9. Explanation cf aignif leaner of •*CIU** coMponent . other ap^'lec 

in analysis cf steaa-vent discharge streas. alac, general di» 
cusslOR of alternative uethods of deteralniog (calculati’A^.* >T 'o 
rates of these apecies 

F Spacecraft Systass Design Considerations -- 

1. Solids handling capability in sero-g aituatioo. 

2 Meight . power and eolwe requirements \estiaates> for coapooentw 

3 Lti.'ct nf using washvatrr instead of eashvater concentrates. 
Effect of no-duBp toverboard^, closed locp operation 

S. Effect of a standard^model operation, also, seal >p criteria. 






Croup's JteUgw HigtlBK 

with G4RD/CAIX Iepre»€atati^p— la S<»ttle. m. 7/30/75 


X. Attendee* : (1) Study Group -* J. Spurlock. M. Modell. V. toM, S. ^ttooo. 

and J. Pocoraro. 

(2) GSBD P. Bodlninakl. L. J. Ubak. 


11. Principal Dlsctfosloo ToPlca : 

A. ChancterlcatloD of Procooa Steps to the loclneratloQ Cycle: 

1. Seview of atrip-chart taaperature histories. 

2. Detexaliiatlcpc of the duration of the se^ral cfrents which 
constitute the locloeratlon cycle. 

B- Msterial aod Energy Balance Values for the GUtP Process: 

1. Discussion of CARD'S auggesced ealues (see attached dlagrK 
with original and new values Inscribed!. 

2. Discussion of adequacy aod source of CARD values and possible 
reasons for differences between these aod the Study Croup's 
estimated values. 

C. Additional Testing Heeds to Improve Data Base: 

1. Experiments vich catalytic afterburner, nslog several promislns 
catalysts, to obtain concinous performance data for the complete 
incineration cycle acd to identify the best catal 3 rst aod oocygen 
requirements using a realistic waste Input to Che Incinerate*". 

2. Thorough analysis of all outp«*t aCmams. 



X. 


O) Grodp ^ J. Spn^lock. H. IMell. V. 

ttsd J. ^ftcoxAto. 


C2) Lockbaed •• B. Jbgow; 


tl Dl— c— lea Tqplca mad Bctiirttlaa: 


A. IrvlcH of Current Stntos of Vozfc Since Lent B eport 

1. Generml xevlw of coapled'^sjsten test^» ninnlntliiK spncecnft 
(In^t) conditions. 

2. Grinder perfoxnnoce, proBlens; p*BRS for nne of tzneli. 

3. Opdnted schenetic die^nn of currenc **S 7 SteK^ (see sttsebed 
esodoot) end feed*inpixt noJel (moKtr^ for os-tested s;^tmtiuoe 
(feed input reported in CB-M 21 ' «mss U.cUieed'e nst»nn^, oot 
sisdlsr to current feed^'^npo; «^pecif>ed *'.y 

4. Methr i of ssnpllng sod gss mA : product sB?p. ^ 

frcK zh^ vet -OK res^toi 

5 Betnils of cst.<lTst iised, ^ffectis«^ ptoblens. 

6. Clsrifls^stloc of effectiveness ^ ms mn IsMilcstor of resetor 
rooverslon. 

7 . Betslled discoscloo cf dr*'^ >pos* I 7 results of ges aaslysis) 
evslioble t^ .Ante. 


B. Spscecr- ft Systens Design Cons i derm tioos — 

1. Estlnstes of velg\t, volvae end power requirenents (see sttsched 
haodoot) . 

2. Belisbility stkd safety of blgh-pressure co^ocents. 
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fiMAll «uce IMel for US 1-U748 

1) In blender end dbap Into elvrxy bold ceofc: 

» 9650 cc of Orioe (2 •eXlont ^ 2300 cc) 

• 770 in of .'eces 

• 7H0 cc of Iteter (2 gellaos) 

2) Pour '^560 cc of Meter (2 gellottf} into grinder hold took. 

Lmu£ the follovlQg nzterlels Into grinder feed end opezete grinder 

• 362 go hog Food 

• 91 gn Aliwlnlxed $MIar 

O 406 gn Polyethylene 

• 362 ge Cotton Cloth 

O 227 gn Mesh 6 Xhry Touelettes 

• 35 go Ceute 

• 10 $m •V" Tip< 

o 45 gn Mylar 

O 45 gn Teflon 

« 90 ge Pine Sol Oislnfectaat 

n 227 gm Paper Tovels 

O 162 ge Polys tryrene 



Iiorirhawt landcmt Ihf t C 


■ASA vrr ODClDAnOK gas AHALTSIS 


0. 

75.^ 


75.8 

"2 

9.2 


7.2 

CO, 

15.5 


4.9 

NB, 

£ 1 

PfRB 

^ 1 pps 

HO, 

< O.I 

PP® 

^0.1 ppm 

HO 

& 0.1 

PP» 

^ 0.1 ppm 

Co 

135 

ppa 

550 ppm 

SO^ 

i 1 

ppm 

£ 1 ppm 

THC 

89 

Pptt 

42 ppm 
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WIGHT, vom. AK> HDUMT mTBHBHT 
>01 HILSA urr CQCIEAXIOR IttSTE MkHMZMDIT 818TIH 
(4.3-Wo Stsm; UmmA oo 61.4 Ib/dsj IMel) 0US4 1*U746> 


Oe»crlptlon 

^fdxmallc Bftservoir 
Hydnulic >ib|>s (2) 

Hfdnullc lelief Valves (2) 

Bydrmollc Bypass Salesoid Valve 
Hydraulic Fressore Svltch 
Hydraulic Pcessuie Gauge 

Oarygeu Shut-Off Valves (2) 

Oxygen Aux. Inlet Valve 
Oxygen Pressure Gauge (2) 

Oxygen Pressuie Regulator 
Oxygen Filter 
Oxygen Restrictor (2) 

Oxygen Heed Valve 
Oxygen Solenoid Valve 
Oxygen Check Valve 

Catalyst Tank 
Catalyst P^ap 
Catalyst Solenoid Valve 

Slurry Acctanulator Bladder Tanks (2) 
Slurry Motor Actuated Valves (2) 

Slurry Band Actuated Valves (2) 

Slurry Check Valve 
Slurry Pressure Gauge 

Tersinal Board 
Hiring (Total Module) 

Tlaers (2) 

Pushbutton Switch /Lites (10) 

PltflBhing (Total Module incl. Fittlrgs) 
Structure 

Total 0ry Height Supply Module 

Hydraulic Fluid 
Catalyst Solution 
Blurry 

Total Liquids 

Total Height Supply Module (Het) 

3 

Total Supply Module Volume B.67 Tt (6. 


Total Btaady State 

1st. Ht- fib.) Bat. Power (Hatt) 


3.0 

(0) 



44.0 

(20) 

40 

(0) 

5 0 

(0) 



3.5 

(0) 



2.5 

(0.5) 



1«8 

a.o) 



1.5 

a.5) 



0.6 

(0) 



3.6 

(2.0) 



4.0 

(1.5) 



0.4 

(0.4) 



0.3 

(0.1) 



0.7 

(0.7) 



3.5 

(0) 

44 

(0) 

0.3 

(0.3) 



5.1 

(5.1) 



8.0 

(2) 



1.0 

(1-0) 



23.0 

(0) 



10.0 

(0) 



2.4 

(2.4) 



l.O 

(0.5) 



0.5 

(0.5) 



0.5 

(0.5) 



2.2 

(1.5) 

20 

a4) 

3.0 

(0.5) 

5 

(1) 

1.8 

(0.5) 

1 

(1) 

4.0 

(3.0) 



20.0 

(10) 



157.4 

(55.5) 

110 

ao) 

16.7 

(0) 



2.0 

(2-0) 



16.7 

(1.0) 



35.4 

(3.0) 



192.6 

(5B.5) 

uo 

ao) 
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teclEhMid WuAcnt SbMtt £ (eootlMd) 


torsi §tmAf teste 

tfcrlptiop lit, tt. qb.l 1st, foiteg Clistt) 


tssctorClBclodlog IMvs 1lDtor» loftsUtion, 


fan. Belt. BFM Meter, tech. Adjust) 

to.o 

«5) 

165 

COO) 

lasetoT Motor Acti^ted talves (2) 

BO.O 

(5) 



leactor tageneratlve Bast Mschaager 

50.0 

05) 



laactor Beck Fressure B^ulator 

2.9 

O) 



laactor Bleed Valve 

C.7 

(0.7) 



BMactor 5-Vsy Bscycle Valve 

0.5 

(0.5) 



laactor Pressure Switch 

2.5 

(0.5) 



Beset or Pressure Gauge 

l.P 

0.0) 



laactor Bigh Pressure Burst Disc 

1.0 

0.0) 



Bssetor Began. 8t. Bschgr. Tberaocouples (2) 

0.2 

(0.2) 



laactor Begen. Bt. Exchgr. Temp. Alans Cntrlr.(2) 3.0 

0.5) 

10 

(5) 

laactor Taoip. Controller 

8.5 

0.0) 

15 

(10) 

Cooler 

1.7 

(0) 



1m Pressure Burst Disc 

2.0 

(0.5) 



Pilter Prlaary (2) 

8-0 

(4.0) 



Filter Secothdary 

2.5 

0.0) 



Filter Solenoid Valves 

7.0 

(2) 

44 

(0) 

Filter Pressure Gauge 

0.5 

(O.S) 



Pilter Pressuie Switch 

2.5 

(0.5) 



Phase Separator 

5.1 

(4) 

27 

(20) 

Phase Separator Control 

l.l 

(0.5) 

2 

(2) 

Phase Separator Pressure Gauge 

0.5 

(O.S) 



Phase Separator Liquid Back Press. Relief Valve 

0.3 

(0.3) 



Pushbutton Svicch/Lltes (15) 

2.7 

(0.7) 

2 

(2) 

Circuit Breakers (2) 

0.4 

(0.4) 



Alam 

1.0 

(O.S) 



Belays (6) 

1.2 

(0.5) 

5 

(2) 

Terminal Board 

2.3 

(2) 



Viring (Tf^tal Module) 

4.4 

(3) 

40 

(28) 

Plumbing (Total Module Incl. Fittings) 

5.0 

(3.8) 



Structure 

30.0 

05) 



Total Dry Weight Processing Module 

249.3 

(143.1) 

410 

(269) 

S Icrry /Ef f luet 

5.0 

(4) 



Total Wet Weight Processing Module 

254.3 

(147.1) 

410 

(269) 

Tot*l Procefilng Module-Volume 17.33ft^ (11.2) 





Total System Weight and Fewer ^ 

447.1 

(205.6) 

520 

(285) 

Total System Volume 26.0Cft (17.3) 






Figures In p^trentheses Indlcste potential results which could be eccoopllBhed 
as a result cf comprehensive flight design. 



lockhMd ■indoct SbMt £ 


CaHp«rlftOQ of ttute Models for !ttS 1*1I74B 


1) Orloe 

2) Feces 

3) Flush Veter 

4) FcKMi Hestes* 

5) Vlpes^ 

6) Bousekeeplog , Rygleoe 

*Food Vastes : 

- Vet Food 

• Aluminized My’ler 

• Foly ethylene 

• Polystryxene 

• Peper 

** 

Wipes : 

• Utility 

- Byglene 

*** Bousekeepltut, Bvatene : 

• Geuze A '•Q" Tlpes 

• Ifyler 

- Teflon 

• Olslafecte&v 

- Feper Tcwels 


X86C 

M4SA-JSC 

24.0 

21 ^ 

2.6 

1.7 

30.0 

33.4 

2.7 

2.5 

1.3 

1.3 

0.6 

0.8 

61.2 lb;d«: 

61.4 lb /day 


0.8 

0.2 

0.9 

0.4 

0.2 

2.5 Ib/day 
0.8 Cloth 

0.5 Towelettes (Uesh A Dry) 
1.3 Ib/dey 

0.1 

O.l 

O.l 

0.2 

0.3 

0.8 Ih/dey 



